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CHAPTER I

INTRODUCTION

IMPORTANCE OF THE STUDY

The dynamic nature of science i8 well portrayed through

consideration of the evolutionary growth of its basic ideas

and premises as wen as of its revolutionary breakthroughs

and discoveries. Change is not only a characteristic of

science but also is evident in perceptions and explanations

of how learning about the sciences occurs. Currently,

attention is being directed to the conceptual understand-

ings of students prior to and during, as wen as after,

formal instruction. A constructivist view maintains that a

learner's prior knowledge is the most important ingredient

in the process of meaningful learning (Ausubel, 1968; Wit-

trock, 1974; Osbourne and Wittrock, 1983; Driver, 1983;

Clough, 1985).

Just as we can no longer be content to accept inchoate

medieval explanations of the universe, so too we can no

longer be satisfied with a "tabula rasa" perception of the

learner and a simplistic monomodal approach to instruction.

Recent developments and insights into the nature of traman

^ 1
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2

cognitive p.-ocessing have the potential to assist educators

in providing quality learning ooportunities for toddy's

youth. Models of how youth process information need to be

examined and alternative instructional strategieS which

assist students in this process need to be investigated.

With perspectives gleaned from the fields of cognitive

science, constructivist thought, and experiential learning

theories, this study was designed to explore the nature of

ideas and beliefs which students hold about specific Scien-

tific phenomena and to investigate instructional Strategies

that are designed to help them gain an accurate underStand-

ing of their world.

A model which focuses on three dimensions of the learn-

ing process was employed in the investigation. Areas of

concern included: 1) the learners (exploring their under-

standim, of selected concepts in ecology); 2) the learnings

(identifying core biological concepts related to ecology

and feeding relationships); and 3) the learning environment

(examining the effectiveness of field instruction Strat=

egies on concept understanding and retention). An overview

and a rationale for considering these areas of emphases

follow.

THE LEARNER

Recent researdh has indicated that students' understand=

ings of natural phenothenal differ in fundamental ways ft-Om

21
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the explanations given about them in science courses

(Smith, 1986). Current reSearch findings suggest that the

alternative conceptions that Students hold can influence

observations, color explanations, and affect their later

learnings. Given this tenet, a model of conceptual change

that provides for the unlearning of misconceptions has been

heralded as being the "most determinative" factor for stu-

dents' acquisition and retention of subject matter knowl-

edge (Ausubel, 1968). If the teaching of science is

help pupils develop theoretical understandings and workable

models to interpret phenomena in accordance with the nature

of science, provisions for the ideas and beliefs which stu-

dents already hold must be made (Driver, 1983; Clough,

1985). If learning is viewed as a procass of conceptual

change, it cannot occur simply through an addition of new

bits of information, but muSt involve the interaction of

new knowledge with existing knoWledge in order that the new

may be reconciled with the exiSting (Hewson and Hewson,

1983). The established tenetS of the scientific community

and the existing beliefs and conceptions of students should

both be considered in designing and implementing instruc-

tional programs.

Research has shown that students experience considerable

difficulties in understanding Scientific principles and

processes because of preset miSconceptions and beliefs

22
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(Anderson and Smith, 1982; Anderson, and Smith, 1986; Driv-

cr., 1983; Helm and Novak, 1983; Stewart, 1983). It has been

noted that these misconceptions influence Student behaviors

and interpretations of instruction and interfere with

intended learnings. Much of this research has been done on

aspects of physical science, while applications to the

biological sciences have been limited. This Study has been

designed to contribute to the findings which focus on the

biological sciences through a specific emphaSis on ecologi-

cal concepts.

THE LEARNINGS

Familiarity with the basic principles of ecology has

been offered as having the potential to influence one's

world view, to clarify relationships that human beings have

to the natural world, and to help in the recognition of the

constraints that nature places on human activities (Ehr-

lich, 1986). These goals concur with current recommenda-

tions for the direction of science education in the 1980s

(Yager, 1984). However, instruction in ecological concepts

has proved to be no facile, simplistic undertaking. Ecolo-

gy has been recognized to be problematic because of its

consideration of interrelationships among concepts of wide-

ly disparate degrees of concreteness and abstractness, with

a preponderance of the latter. Thus instruction of ecolog-

ical concepts presents a challenge to teacherS (Garb, Fish-

er, Faletti, 1985).
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Concepts related to feeding relationships were targeted

for special emphadis in this study. The concept of feeding

relationshirs was ranked hIghly by biology teachers 613 an

area of critical iuportance in the study of biology (Fin-

ley, Stewart, and Yarrow, 1962). Its centrality in unde.2f-

standing other complex ecologizal principles also hag been

noted (Novak, 1976). Investigation of this dimension of

ecology was also selected because it has been indicated

that feeding relationships are difficult for students to

understand (Johngtone and Mahmoud, 1980). Thus, approaches

for effective instruction in this area need to be explored.

THE LEARNING ENVIRONMENT

Field instruction was selected as the focal instruction-

al strategy in thiS study. Theoretical, philosophical,

empirical, and popular support for a field approach to

learning, although not voluminous, exists. Piagetian theo-

ry advocates that provisions for direct experiential, relit.=

tionnl opportunitieS assist in and enhance learning. Novak

(1986) contends that direct experiences with real object8

and processes can give form and meaning to primary concepts

and facilitate differentiation and application to more com-

plex concepts. With science teachers, field instnIction

has evidenced popular support and has been ranked av being

an important and valuable method for teaching science, yet

actual implementation rates are quite low (Ateyeo, 1939;
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Fowler, 1958; 8chwaaio, 1975; MaSoni 1976; Hurford, 1917;

Falk and Balling, 1978; MUSe, 1982): For example in a

1983 International Sciende study, 65 percent of the

responding students indidated that they had never engaged

in fieIdwcrk outside of the ClaSStoom (Jacobson and Doran,

1986). Discrepdncies are appAteht between teachers' belief

in and actual use of thiS tedhhique. If field instruction

is to be offered and used Mote eXtenSively, research must

support the premise that pattidiaar science concepts and

processes, such as those related to ecology, can be learned

effectively in a direct experience field setting.

STATEMENT OF PROBLEM

It was the intent of thiS Study to obtain information on

students, conceptions of Selected biological phenomena

within the domain of ecology and then to investigate the

influence of field instruction strategies on students,

understanding and retention of the targeted concepts. The

following questions form the framework of the study:

1. What are students' conceptions of selected ecological

concepts?

2. Do field-based activities adsiSt in the clarification

of these concepts?

3. Do students retain the concepts learned after direct

involvement in field programs?



4. How are background variables (i.e. academic standing,

sex, attitudes, science intereStS and involvements,

learning preference, and travel experience) related to

student knowledge and learning gains?

5. What iS the relationship between instructional empha-

sis and students' science achievement gains?

HYPOTHESES

Appropriate statistics were used to test for the acceptance

or rejection of the following null hypotheses:

1. There are no significant changes in students'

understandings of ecological concepts after field

instruction strategies.

2. There is no significant difference in the degree of

retention of concepts evidenced after field exposure.

There are no significant relationships between student

background variables and gains in understandings of

comepts.

4. There is no significant relationship between instruc-

tional emphasis and students' Science achievement

gains.
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DEFINITIONS OF TERMS

Conceptions
units of information which are linked together.

Concept mapping
process that involves identification of concepts

in a body of materials and the organization of

the concepts into a hierachial arrangement.

Conceptual bridging
process of linking abstract concepts with mean-

ingful common experiences.

Constructivism
theory which focuses on the acquisition, under-

standing, and application of bodide of conceptual

structures of accepted public knowledge and

emphasizes interaction of existing knowledge with

new knowledge.

Ecology specialized branch of the biological sciences

which focuses on relationships between living

things and their environment.

Ektended excursions
school sponsored educational trips latting longer

than a day, usually a week.

Feeding relationships
phenomena which take into account the flow of

energy and circulation of materialS through the

process of eating or being eaten.

Field instruction
on-site activities/experiences in Whidh Students

are directly involved.
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Higher-order cognitive items
questions which demand application, analysis,

synthesis, and/or evaluation.

Integration
process of incorporating new concepts With exist-

ing conceptions, or different existing concep-

tions with each other.

Knowledge items
teSt situations that emphasize remembrance,

either by recognition or recall of ideas, materi-

als, or phenomena.

Misconceptions
representations of systems of explanation which

are conceptually incorrect.

Preexisting conceptions
informal knowledge which constituteS the stu-

dents' belief system about the world and h w it

works.

Scientific conceptions
accUrate ekplanations of scientific phenctena.

Structured field programs
dleatly defined programs with student oriented

goals, ptOgram objectives, and specified prod-0-

dUreS, inolUding pretrip and posttrip seSSionS.

ASSUMPTIONS

The following assumptions underlie the study*

The concept inatrument and the student backgrcUnd fOrM

designed for this study were reliable and valid teatiS
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for making the teaSUteMents for which they were

designed and USed.

2. Students completed the instruments conscientiously.

3. The concepts targeted ftit investigation are fundamen

tal to learnings within the field of ecology and are

basic for students, fUtUre learnings in science.

The field progratS eXatihed were representative of

educational offering8 ih this realm.

5. Teachers' reports Of dOildeptS emphasized and strat-

egies employed during the field program provide an

accurate description Of the adtual program.

DELIMITATIONS

The delimitations of thiS Study were as follows:

1. The participating schools were limited to secondary

schools that had marine science programs that included

field instruction components.

2. The Study was limited to three different marine sci-

ence programs.

3. Field programs were limited to those that had speci-

fied program objectiveS, a series of pretrip and post-

trip sessions, and required student projects and/or

activities.

4. Testing was limited to aSsessments of changes in con-

cept understandingS, and not of skill areas or of

attitudes changes.
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5. Testing fodused on understandings of concepts in edbl-

ogy.

6. Data Weté Obtained soIeLy from responses to paper and

pencil instruments.

LIMITATIONS

The limitations of this study include:

1. The use of specific grade levels, thereby preventing

generalizability of the results to other grade levels.

2. Restrictions with the sampling populations because of

the limited numbers of schools that have field pro-

grams.

3. A concentration on selected ecological concepts Which

comprises only one area of instruction in the scienc=

es.

4. A focus on one type of field experience, the struc=

tured extended excursion, thus limiting generalizabil=

ity of the results to other types of field programs.

OVERVIEW

The dissertation includes five chapters.

Chapter One provides a rationale for the study; problem

statements; hypotheses; definitions; assumptions; delimits=

tions; and limitations.
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Chapter Two contains a review of the literature and is

reported in three secticns. These focus ons field instruc-

tion in the sciences; concept learning in the biological

sciences; and student characteristics and science achieve-

ment.

Chapter Three consists of the research design and proce-

dures. They address the areas of: overall design; popula-

tion; instrumentation; data collection procedures; and sta-

tistical analysis.

Chapter Four reviews the study's results. Five sections

are reported and include: descriptive statistics; correla-

tions; regressions; percentages of gain; and hypotheses.

Chapter Five contains a summary, conclusions, and recom-

mendations.



CHAPTER II

REVIEW OF THE LITERATURE

ThiS Chapter considers literature related to the three

ditendions of the learning process that this Study investi-

gated: the learners; the learnings; and the learning envi-

rOntent. Specific domains within these general atedS that

are directly pertinent to the nature and intent of this

study were targeted for emphasis. These included: 1)

empirical studies that focused on the cognitive dimension

of learning science through field instruction techniques;

2) Studies which inves.:igated conceptual development in the

biological sciences; and 3) meta-analyses Studies of stu-

dent characteristics and science achievement.

FIELD INSTRUCTION IN THE SCIENCES---THE-LEARNING

ENVIRONMENT

The field excursion is not an innovation of this era.

Attempts to instruct in the field have been charted through

the centuries up until and including the pre-Sent time.

Socrates and Aristotle led their followers directly to the

natural environment for observation and diScuSsion about

- 13 -
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nature; expressions of -1111ilar efforts currently are being

evidenced. Even though general Sentiment is in accordance

with the value of learning science in a direct environmen-

tal setting, actual implementation attempts of field pro-

grams are limited. In a comparable manner, a considerable

amount of descriptive literature and position statements

exist on learning in the outdoors, but experimental studies

that investigate its merits are Sparse.

This review includes the limited sample of reported

ekperimentaI studies whicn primarily focused on field

instruction in the sciences tut it relates to aspects of

students' cognitive development. S mmaries of the studies

are presented in chronological order.

ScheIIhammer (1935) investigated knowledge gains of two

groups of high school biology students. His study covered

a period of one year. Experi.:aental and control groups were

established, with the experimental group participating in a

field excursion. Posttests were given to both groups and

knowledge gains were significant with only the experimental

group. The groups were reverted (control becoming experi-

mental and vice versa) and a new unit of study was taught

following the same procedures. Again, the new group that

had the field trip showed more Significant gains than the

new control group.
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The impact of extended excursions watt StUdied by Raths

(1936) with students who were taken to the ddal fields of

Wedt Virginia on a ten-day trip; Students Whd had partici-

pat-6d in the field trip were judged to be SUperior in their

abilities to evaluate tasks related to adientific inquiry

when compared to non-trip students.

FraSer (1939) worked with the same group of students

Rathei did, but focused on Increases in information that

trip=StUdents had evidenced. He distingtished knowledge

gainS frtit Memorized information. MeasurementS Were made

of Sttidents' abilities to generalize and apply the princi-

pleS learned. He concluded that the greatest Value of

learning in the field was skill in knowledge adquisition

and application.

Atyeo (1939) conducted a study in which he compared the

results obtained from the use of the excurSion technique

with those of other teaching methods. He showed that with

an increase in excursions there was an increase in investi-

gating the phenomena associated with the experience. He

demonstrated that the excursion technique IS Superior to

class discussion for teaching material requiring compari-

Sons and knowledge of concrete objects.

When testing the usefu1n3ss of field trip guidebooks,

outlines, instructional materials, and associated tech-

niques, Evans (1958) found that classes that used the

34
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planned field trip learned more, retained more, and did

better on tests than classes that did not participate on

field trips.

Testing the effectiveness of field trips in the teaching

of college level botany, Kuhnen (1959) found that the

groups Which were actively involved in field trips Showed

some, but limited, gain over control groups which Were

instructed in a laboratory setting.

Benz (1962) conducted an experimentql evaluation of

field trips for achieving informational gains in a unit on

earth science. Four classes of ninth graders (n=109) par=

ticipated in the study. The experimental groups went on

excursions to geologic sites while the control groups

remained in ths classroom and reviewed the content through

slides. Based on pretest and posttest results, Benz con-

cluded that superior pupils tend to profit more from field

trips than Students with average to less than average abil=

ity, but that field trips may contribute to the understand-

ing of scientific principles.

A comparison of two instructional methods, field

instruction and the discussion method, was undertaken in a

study by Bennett (1963). A unit on ecology was taught by

both methodS to groups of seventh graders. Bennett found

no significant gain from the experimental field treatment

over the traditional classroom discussion method but found
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the field experience as effectiVe de the discussion tech-

ique.

Glenn (1968) probed the effectiVeheaS of learning geolo-

gy through field experiences; The study involved a compar-

ison of the field technique and the use of color slides in

classroom discussion. In none Of the comparisons did the

field trip group score significantly higher than the group

taught with slides.

A similar comparison was made by Goldsbury (1969); who

examined the effects on learning from substituting slide-

tapes for an actual field experience. Test results indi-

cated that the vicarious experience afforded through the

slide-tape presentations proved to be more effective than

direct exposure to field trip experiences. However, direct

experiences in the field coupled with exposure to slide-

tapes in the classroom was found to be a more effective

approach.

In research conducted by MacKenzie and White (1982), the

effect of fieldwork on retention levels was examined among

eighth and ninth graders from Melbourne, Australia. Three

groups of students were involved. All treatments had the

same general learning program, but differed in the excur-

sion phase of the program. There wee an active processing

excursion group, a traditional passive excursion group, and

a group that did not have field Work. Two tests were giv-
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en, one on achievement of unit objectives and the other on

formation of episodes and the linking of them with other

knowledge items. Both tests were given prior to formal

instruction, While the posttest was given during the sum-

mer holidays just prior to the beginning of the new term.

Posttest results indicated that the students who had field-

work performed better than students who did not have the

field component of instruction. Retention was superior in

the group that participated in the active excursion pro-

gram.

To evaluate the effects of field activities on student

learning, a study was conducted by Kern and Carpenter

(1986) with two sections of a college laboratory course in

earth science. One section involved primarily classroom

activities that utilized a laboratory manual. Field=

oriented activities were employed in the second section.

Comparison of the two classes at the conclusion of che term

revealed almost identical levels of lower-order leaining

(recall). However, higher-order skills were demonstrated

to a greater degree with the field-oriented section, indi=

cating an enhanced ability to apply the acquired informa-

tion.

In the meta-analysis conducted by Wise and Okey (1983)

on instructional strategies, one category examined was

presentation mode. This category included those means of
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instruction where the settihg *di§ different from a tradi=

tional environment; Field inStruotion was a targeted mode

of learning within this category. The mean effect SiZe

obtained for cognitive and Other (attitudinal; problem

Solving) outcomes was basted on 106 studies. It proved

to be more effective than the traditional strategies of

learning;

The educational values and behefitis of instructional

field programs in the sciences haVe been investigated and

studies have explored the possible impacts on students'

attitudes; skill attainment; and Cognitive development;

Research studies of the 60s ahd 70s primarily focused on

the affective domain with emphasis on students' attitudes

toward science and natural phenotehai While most field

experiences were designed to intrOddoe Concepts and/or to

extend opportunities for clarifyihO ahd exploring these

Concepts; research investigationS Were limited in studying

these cognitive impacts; ReSeatCh Studies virtually have

been nn-existent in examining the tole of instructional

emphasis and/or the effectiveness Of a_ hierarchial approach

to Concept learning in the field. The key aspect of con-

dept retention after field inStruCtion is another area

Where research attempts have been ladking; This study was

designed to examine these areas that were not focused on

previously in the literature and to aSsess whether complex
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concepts could be taught meaningfUlly in a field setting.

For the areas that were investigated related to conceptual

development and field instruction Strategie6, including

those reported in this review, the literatUre does general-

ly suggest that the field instructional approach can be a

valid and effective technique fOr aSdiSting students in

their Iearnings of scientific conceptS.

CONCEPT LEARNING IN THE_BZOLCGaCAL-SCIENCES = THE LEARNINGS

Currently, research in science education has been con-

cerned with students' conceptual underStandings and mastery

of schemes of organized knowledge. Efforts have been

directed to investigating the nature of the belief systems

that students have prior to instruction and also to explor-

ing the types of strategies that effectively facilitate

conceptual development. Much of this reSearch has focused

on the physical sciences, while studie8 related to the

biological sciences have been limited. This section

reviews those studies that have examined Students' under-

standings of biological concepts.

Students' understandings of concepts- related to adapta-

tion and evolution formed the basis of Jungwirth's study

with Israeli youth (1975). A representative sample of sec-

ondary students (n=1277) responded to one of three forms of

the Test on Understanding of the Language of Science. Data
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revealed that the students had distorted views of the con=

cept8 of adaptation and evolution and that a high percent=

age could not differentiate factual information from

anthropomorphic statements.

In an effort to examine students' prior knowledge of

evolution and heredity, Deadman and Kelly (1978) questioned

secondary school age males (n=52) before their formal

instruction on those units and then re-interviewed the stu=

dents after a 12 month interval. Virtually all studentS

offered Some ideas about why evolution occurred; however,

most studentS demonstrated uncertainty and lack of clarity

in their responses. A lack of understanding concerning the

source of variation among organisms was evident in the

interviewS. Explanations of change were given in essen=

tially Lamarckian terms and the boys resorted to expres=

sions of folklore in most of their responses.

Designed to obtain some knowledge of children's beliefs

about the topic of inherited characteristics, clinical

interviews were conducted with 32 children from grades 1

through 8 in Canada (Kargbo, Hobbs, Erickson, 1980). Stu=

dents were asked to respond to questions related to five

tasks which required them to distinguish between environ=

mental and hereditary characteristics and to use probabi=

listic thinking in predicting characteristics of offspring.

A wide range of beliefs about the nature and mechaniSm of
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inheritance was evident in the students' responses. A con-

siderable number stated that environmentaly-produced traits

would be inherited. Younger children were found to be rig-

id in their thinking and had established patterns for their

own theories.

Concepts related to taxonomy and to the identification

of animals were explored in a Study by Bell (1981). Ele-

mentary, secondary, and tertiary students (teacher train-

ees) were asked to identify from a group of organisms those

which they considered were animalS. Of the 39 elementary

and secondary students interviewed, 35 could not classify

correctly all instances of the concept. Responses to the

multiple- choice test revealed that misunderstandings were

not specific to younger children, for 41 percent of the

teacher trainees incorrectly claSSified at least one of the

problem situations.

Based on the notion that the "life concept" is central

in any life science course, a Study was undertaken to exam-

ine Israeli students' conceptions of life (Tamir, Gal-

Chappan, Nussinovityz, 1981). Intermediate and junior high

school students (n=424) were interviewed individually and

were asked co complete clasSification tasks as well as a

questionnaire. It was found chat children associate dif-

ferenr meanings with the concept of life and that a large

proportion of the explanations were scientifically incor-

rect.
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A two-year Planning and Teaching Intermediate Science

Study (PTIS) was undertaken for the purpose Of using stu-

dents, misconceptions to analyze claSittObt behavior of

teadhers and students and to modify the Sdiende program of

the Sdhools (Smith & Anderson, 1984). Cabe Studies were

donducted on 14 teachers; It was fOUnd that teachers

dAhibited a variety of teaching styles that did not take

student misconceptions into account. StUdent testing also

OddUrred; Student pretest results indidated that miscon-

deptions were abundant;

reVealed that fewer than

learned the concepts that

Additional teSting

one quarter Of the

were covered ih the

Modified materials then were developed tO infort

efforts

students

classes.

teachers

about student misconceptions and strategied were suggested

for helping students to change. FindingS Showed that when

Student problems and misconceptions were identified, learn-

ing improved substantially.

A study was conducted in Nigeria to determine some of

the misconceptions held by secondary school Students with

reSpect.to selected ecological concepts covered in a unit

of Nigeria's Secondary School Science Program Biology text

(Adeniyi, 1985). Students' explanations Were obtained by

claSSroom observations, essay test ansWerS, and clinical

interviews. The actual coverage of ecology in the desig-

ndted classes was determined by analyzing the curriculum
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content as it was found in classroom instruction, text

materials, lesson plans, and teacher examinations on ecolo-

gy. Data obtained indicated that students possessed sever-

al misconceptions and that Students were not willing to

give up these positions. There appeared to be two sources

of the misconceptions: the already existing conceptions of

the students and those that resulted from instruction.

Student knowledge of marine science and natural resource

principles was investigated in a study by Brody and Koch

(1986). Baseline data on Maine'S 4th, 8th, and Ilth grad-

ers were generated from thiS Study. Student responses were

classified as being: correct conceptions, missing concep-

tions, or misconceptions. Although it was found that

fourth grade students did understand the basic concepts of

food chains and food webs, there was very little growth in

knowledge of food chain dynamics in grades 8 and II. Find-

ings suggested that students' miaaing conceptions and mis-

conceptions interfered with and/or inhibited new Iearnings.

Biology students' understandings and misconceptions

about the concepts of food chains and ecosystems were

investigated in a study by Marek (1986). Student responses

were obtained from an essay- type instrument and were clas-

sified by degree of their understanding. Of the 58 stu-

dents tested, only one student (2 percent) had a sound

understanding of the concept of food chain, 34 percent of
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the students demonstrated partial understanding, 57 percent

showed specific misunderstanding, and 7 percent had no

response.

In an effort to identify common student miSconceptions

in biology, Murr (1986) investigated students' underStand-

ings of topics related to the animal concept, food Webs,

gene behavior, and photosynthesis. Testing revealed that

the tested high school students had archaic patternd of

thought, with several misconceptions present. A demi=

guided discovery teaching strategy was employed to focus

student attention on the misconceptions. Later teeting

supported the effectiveness of the instructional approach

that took students' misconceptions into account.

Research findings have supported the notion that Stu=

dents' understandings and beliefs about natural phenomena

differ in fundamental ways from accepted scientific dxpla=

nations. Documentation for the existence and tenacity of

these alternative frameworks has been increasing SubStan=

tially in the physical sciences. Attempts to investigate

students' conceptual views of biological phenomena,

although not as abundant as explorations in the phySical

sciences, also have been undertaken. These studies have

indicated that students do possess conceptual views of Sci=

ence topics prior to instruction and that these prexiSting

beliefs can affect their learnings. These studies suggeSt



26

that if meaningful learning is to occur, it is essential

initially to attain some knowledge about children's estab-

lished belief systems and then to explore the various ways

and strategies in which these understandings can be

addressed. ThiS challenge necessitates not only the uncov-

ering of students' prior learnings but also includes the

implementation of strategies that can effectively exchange

and/or extend students' understandings of science. This

study focused on biological concepts and specifically eco-

logical conceptS for several reasons. Ecology was selected

because of its centrality in the scheme of the biological

sciences and for reasons related to both teachers' recogni=

tion of its importance in the curriculum and to students'

expressions of difficulties in learning the concepts.

STUDENT-CHARACTERISTICS AND SCIENCE ACHIEVEMENTTHE

LEARNERS

Results reported from reviews of research and meta-

analyses studieS have indicated that antecedents to student

achievement have been identified and have consistently

accounted for a substantial amount of explained variance.

Variables identified in this study which were included in

meta-analyses reviews are keported in this section. These

include: prior learning and academic ability; attitudes;

and sex.
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Prior Learning and Academic Ability

A meta-analysis of students' ability and SOiehod learn-

ing was conducted by Boulanger in 1980; His revieW iholud-

ed studies from a 16 year period and focused on StUdents

from the sixth to twelfth grades; He found that pkier

achievement accounted for about 16 to 25 percent of Vari-

ance related to science achievement; In the 34 StUdie6

examined, he found the relationship between ability and

achievement to be very stable and that,the ability teaddrea

were better predictors of cognitive achievement than devel-

opmental measures.

The meta-analysis conducted by Fleming and Malone (1982)

focused on the relationships between student characteriS-

tics and student performance in science. They examined the

relationships of the variables of general ability, language

ability, and mathematical ability with performance meas.=

ures. Results obtained in the analysis were quite Similar

in that they correlated almost equally with cognitive level

measures ranging from .47 to .53. These findings were com.=

parable to ti results obtained by Boulanger's (1980)

synthesis of 34 studies where the mean correlation betwSen

student outcomes and general ability was .49.

More recently, Walberg (1986) synthesized the research

on teaching and reported a mean correlation of the ability

and learning in science of .48 based on 10 studies.

4 6
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Attitudes

When examining the social and pitydhalogical influences

on science learning; Kremer and Walberg (1980) found that

all of the studies of student totiVation and science

achievement in their meta-analysis ShoWed positive rela-

tionships between motivational variableti and learning; The

mean correlation for student motivatiOn WaiS .37; Although

the number of studies was litited (ii5); the results con-

curred with previous studies of stUdent Motivation and gen-

eral educational achievement conduCted by Bloom (1976) and

Uguroglu and Walberg (1979). Median dOrkelations of .35

and ;30 respectively were reported.

As one of the variables considered in the meta-analysis

of Fleming and Malone (1982), attitude WAS found to have a

mean correlation of ;23 with Sdiehd6 adhieVement; The

results were based on seven studies. A higher correlation

of ;31 was reported by Kahl (1982) balled oh four studies of

the relationship of science and attitUde/Motivation;

Sex

Sex differences in science achievement were investigated

in several reviews and meta-analyses studies. From an

international study involving 19 countries, Comber and

Keeves (1973) found that boys achieved better than girls in

science (one-fourth of a standard deviation) and that sex

accounted for 2 percent of variance in Science achievement.

4 7



29

Results from the National Assessment of EducatiOnal

Progress in ver_ying years consistently indicated that bOya

achieved slightly better than girls (Haertel et al., 1981;

deBenedictis et 81., 1982; Hueftle et al., 1983).

Fleming and Malone (1982) included sex as a variable in

their meta-analysis on student characteristics and science

performance and reported that a mean correlation of .04 Was

found in the nine studies considered in the analysis.

A meta=analysis review conducted by Maehr and Steinkamp

(1983) reported that boys consistently achieved slightly

higher than girls in elementary school science. Age dif=

ference was also examined in the analysis of Erickson and

Erickson (1984). They demonstrated that the sex difference

in science achievement was not significant at early ages,

but that a difference was apparent as age increased in

favor of male achievement.

Findings from major reviews of research and meta=

analyses studies have revealed that significant antecedents

_to student achievement exist. Prior knowledge was found to

account for 25 to 36 percent of variance in studies examin=

ing science achievement. Scholastic ability comparably

explained for 16 to 25 percent of variance in science

achievement. Mean correlations of .30 to .37 were found to

exist between attitude and science achievement. Although

differences in sex and achievement have been noted, vari=
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ances and correlations have been quite low. These findings

on stUderit Charadteristics and science achievement stiqgdAt

that variabled Such as prior learning and attitude adtVe aa

antecedents for students' success in learning.
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CHAPTER III

RESEARCH DESIGN AND PROCEDURES

Procedures involved in the tittidy are reviewed in this

chapter, which is organized in five sections. They are*

overall design; population; intittdMentation; data collec=

tion procedures; and statiStidal

OVERALL DESIGN

This study consisted of two major phases. The first

stage focused on instrument dbvelopment and assessment,

while the second examined thS influence of field instruc-

tion strategies on students' understanding and retention of

selected ecological concepts.

The Student Ecology Assessment (SEA) instrument was

developed as one means of obtaining information about stu-

dents' understanding of concepts related to ecology and

feeding relationships (Appendix A). A background/attitude

form which contained items on Students' academic standing,

science background, science interests, science extracurri-

cular involvements, learning preference, and travel and

outdoor experience was also developed and administered

(Appendix B).

31
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Student testing occurred prior to, during, and four

weeks after the instructional program. An experiential

field program was conducted in a marine setting and served

as the learning strategy. Instruction on ecology comprised

one part of the total field program and was monitored in

terms of the time and emphasis that each of the targeted

concepts received. Students and teachers indicated their

perception of time and emphasis given to,each major concept

area on a separate report form (Appendix C). ThiS informa-

tion wail also included in the analysis.

POPULATION

Populations under investigation in this study dOnSieted

of secondary schools which had marine science field pr-ci

grams. Assistance in identifying potential partitiptihte

for the study was provided from two educational hatUtd=

oriented travel organizations, International Field StUdieS

Inc. and International Expeditions Inc; These orTahita=

tions specialize in coordinating the travel arratigetehtS

and COntributing to the educational programs Of field

excursions. A likiting of schools which had formal eduda=

tional programs that would be completed within the studyle

time frame was obtained from these organizations arid indi=

vidual schools were contacted for possible participatiOn ih

the study. Only schools with programs that had a StrUd=
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tured field component which included a series of pretrip

and posttrip sessions were considered. Three programs from

two high school were selected for the study. These includ-

ed: Bexley High School, Bexley, Ohio (two groups) and South

Lake High School, Fairfax, Virginia. All programs occurred

from 27 December 1986 to 3 January 1987. They were con-

ducted at different geographic Sites. Two programs

occurred at sites on Andros Island, Bahamas, and one was

directed on the Grand Cayman Islands.

INSTRUMENTATION

Data on students and on the inatrUdtitinal program were

obtained from instruments developed fdr thiS studyi Stu-

dent inventories included the StUdeht ECtirogy Assessment

(SEA) instrument and a Student BaCkground/Attitude form

(Appendices A/B). Information on the intittUdtional program

was procured through teacher and stUdent responses

IndtrUctional Emphasis form (AppendiX C).

to the

Student Concept_UnderstandIna

Procedures involved in the deVeloptent of the SEA

instrument included: 1) selection of dOndept areas (deter-

tined through a review of currioula prograta, textbooks,

and practicum materials and through a deindept tap of these

findings - Appendix D); 2) construction Of items (reflect-

ing patterns of items that progressed frOt concrete to
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abstract, simple to complex, familiar to unfamiliar, and

factual based to higher order questions); and 3) field

testing with four distinct groups of high school studentc

from Akron and Columbus, Ohio (resulting in three revisions

based on item analysis, correlational analyses, and student

and teacher feedback).

The first draft of the Student Ecology Assessment (SEA)

was reviewed by faculty membert; from The Ohio State Univer=

sity's Department of Educational Theory and Practice and

the School of Natural Re-Sources as well as science field

studies program adminiStratora and educators from Florida,

Alabama, and Ohio. The ideaS and suggestions expressed by

these individuals were incorporated in the second version

of the instrument. This inStrument was then administered

to two groups (n=16 and 14) of secondary biology students

from a suburb of Akron, Ohio. Statistical analysis of stu-

dent responses and feedback from the participating teachers

formed the basis of the third revision of the instrument.

In this draft, the number of items was collapsed reducing

the number of items from 61 to 40. Some of the items were

re-written to improve clarity.

After further modification, the revised instrument was

then given to two groups of secondary science students

(n=29 and 28) from an urban private school in Columbus,

Ohio. Test results, informal comments from the participat-
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ing groups, and suggestions from additional reviewers were

used in another revision of the SEA instrument. The major

change occurred in the format of the items with nearly all

items being restructured into a multiple choice pdttern.

This version (the fourth) served as the testing instrument

in the study. Summary statistics of pilot test results are

provided in Table 1. The statistical program, ItemA Stat-

pack (Ohio State University, 1982) was utilized for the

analysis. Information from this analysis Waal wiled primari-

ly to determine the instrument's reliability. Summary sta-

tistics are also presented in Tables 2 through 4 for each

participating group . Although data are provided for pre-

tegt, posttests, and retention tests, only pretest data

were considered in assessing the instrument's reliability

since instruction was designed to lead studentS to mastery
,Of the condepts and not to discriminate. Thid id eVidenced

ih the data and is apparent in the reported Measures of

Central tendency.
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STUDENT ECOLOGY ASSSESSMENT PILOT

36

TESTS SUMMARY STATISTICS

Group ofte
(Form 2)

Group TWo
(Fort 2)

Group Three
(Form 3)

Group Fclur
(Form 3)

Student # 16 14 29 28
Item # 61 61 40 40
Mean Score 38.88 34.43 22.14 21;11
Median 40 33 22 22
Mode 34 33 21 23
Maximum 48 45 31 35
Minimum 25 15 IO 12
Range 23 30 21 23
Stand. Dev. 5.37 7.55 4.84 4.49
KR20 0.70 0.83 0.71 0.68
Mean Diff. 0.36 0.44 0.45 0.47
Mean Disc. 0.20 0.28 0.29 0;29

Table 2

STUDENT 2COLOGYASSSESSMENT SUMMARY STATISTICS - GROUPONE

(Form Four) Pretest POsttest Retention

Student No. 29 29 29
Item No. 40 40 40
Mean Score 25;86 32.45 31.79
Median 25 33 33
Mode 27 33 33
Maximum 35 38 36
Minimum 16 19 23
Range 19 19 13
Stand; Dev. 4;30 3.99 3;01
KR20 0;62
Mean Diff. 0;35
Mean Disc. 0;25

* data are inappropriate beCaUSe of Mastery emphasis
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STUDENT ECOLOGY

Table 3

ASSESSMENT SUMMARY_STATISTICS- GROUP TWO

(Form Four) Pretest Posttest Retention

Student No. 21 21 21
Item No. 40 40 40
Mean Score 28.71 35.19 34.67
Median 28 35 35
Mode 28 39 37
Maximum 36 39 38
Minimum 9 30 30
Range 27 9 8
Stand. Dev. 5.76 2.70 2.10KR20 0.83 * *
Mean Diff. 0.28 * *
Mean Disc. 0.30 * *

* data are inappropriate because of mastery emphasis

Table 4

STUDENT-ECOLOGY ASSESSMENT SUMMARY STATISTICS - GROUP THREE

(Form Four) PreteSt Posttest Retention

Student No. 29 29 29
Item No. 40 _ 40 40
Mean Score 26.69 35.93 ?5.17
Median 27 36 36
Mode 25 35 36
Maximum 35 39 38
Minimum 11 29 31
Range 24 _ 10 7
Stand. Dev. 5.36 1.91 1.93
KR20 0.80 * *
Mean Diff. 0.33 * *
Mean Disc. 0.35 * *

* data are inappropriate because of mastery emphasis
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Changes were significantly evidenced in the pre to post-

test results. The field experience was used to clarify

and/or extend the students' understanding of the ecological

concepts. Tables 5 through 7 report the difficulty of the

items in the SEA instrument and indicate the students'

improvement and gains in reSponding correctly to the items

of the test. Maximum difficulty is expressed as 1.000,

while .000 indicates the loweet difficulty level with all

students responding correctly.
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Table 5

ITEM

ITEM DIFFICULTY-GROUP- ONE ( rxr=.29 )

PRETEST POSTTEST RETENTION

1. .000 .034 .000
2. .448 .103 .069
3. .690 .241 000
4. .724 .586 .345
5. .276 .069 .000
6. .172 .069 .034
7. .103 .069 .034
8. .069 .103 .103
9. .690 .414 .552

10. .862 .621 .207
11. .552 .103 .241
12. .138 .034 .000
13. .310 .069 .069
14. .310 .000 .034
15. .241 .103 .034
16. .241 .069 .241
17. .310 .069 .276
18. .241 .138 .414
19. .345 .448 .310
20. .586 .448 .172
21. .379 .172 .069
22. .069 .000 .000
23. .034 .000 .000
24. .034 .000 .034
25. .483 .517 .586
26. .207 .034 .241
27. .345 .345 .310
28. .379 .069 .241
29. .621 .276 .483
30. .483 .103 .172
31. .552 .345 .586
32. .241 .172 .241
33. .552 .241 .138
34. .172 .103 .069
35. .172 .034 .034
36. .069 .034 .000
37. .517 .172 .310
38. .483 .241 .310
39. .414 .310 .448
40. .621 .586 .793
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T61616 6

ITEM DIFFICULTY -- GROUP TWO (n=2:

RETENTIONPRETEST POSTTEST

;000
;238

.000

.095
;000
.048

3; ;619 .048 ;048
4; ;905 .429 ;429
5; .048 .000 ;000
6; ;238 .000 ;000
7. .095 .000 ;000
8; ;286 .143 .190
9; ;714 .381 ;143

10; ;619 .238 ;524
11; ;286 .095 ;000
12; ;000 .048 ;000
13; ;190 .048 .048
14. ;143 .048 .048
15; ;143 .048 .048
16; ;190 .048 .000
17; ;190 .000 .048
18; ;190 .143 .095
19; ;476 .190 ;048
20; ;429 .190 ;190
21; ;286 .048 .095
22; ;048 .000 .000
23; ;048 .000 .000
24; ;048 .000 ;000
25; ;476 .238 .429
26; ;095 .048 ;000
27; ;524 .381 .190
28; ;238 .143 .190
29; ;286 .333 .381
30. ;381 .095 .048
31; ;381 .286 .381
32; ;095 .048 .095
33; ;190 .048 .048
34; ;190 .048 .095
35; ;190 .048 .095
36; .143 .000 .048
37; ;286 .048 .143
38; ;286 .048 .095
39; ;429 .190 .286
40; ;667 .571 .810
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TabIe 7

ITEM

ITEM DIFFICULTY GROUP THREE-I-n=29-f

PRETEST POSTTEST RETENTION

1. .000 .000 ;000
2. .345 4034 034
3. .724 .103 ;034
4; .793 4310 ;517
5; .172 .000 4034
6; .172 4000 ;034
7; .000 .000 ;034
8; .414 .000 ;103

_9; .759 4517 ;414
10; .862 .172 ;345
114 .448 .000 ;103
12; .207 .000 034
13; .138 .000 4034
14; .138 .000 034
15; .552 .345 4207
16; .276 4000 4034
17; .241 4000 4034
184 .276 4000 069
19; .310 4172 4241
204 .793 4069 4276
21; 4207 4103 069
22; .000 4000 034
234 .103 4000 4034
24; .034 4000 034
254 .517 4310 517
26; .034 4000 4034
27; .379 4310 4207
28; .138 4000 103
29; .414 4069 103
304 .276 4034 4069
31; .759 4138 4345
32; .310 4207 4310
33; .379 4138 4069
34; .207 4000 4034
354 .207 4000 4034
36; .034 4000 4034
37; .241 4069 ;138
38; .241 4069 ;138
39; .379 4172 ;310
40; .838 4724 793

41
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Modifications to the SEA inStrument included changes in

format, wording, and number of items in the instrument.

However, the concept strands that were initially targeted

for study remained the same. The items were clustered into

eight categories. These diviSionS focused on: 1) plant and

animal characteristics (itemS 1=4); 2) plant and animal

identification (items 5-8); 3) plant and animal habitats

(items 9-11); 4) food chains (itemS 12=19); 5) food webs

(items 20-30); 6) energy transfer (items 31-32); 7) energy

pyramids (items 33-38); and 8) nutrient cycles (items

39-40). Tables 8 through 10 indicate the difficulty levels

of items within each cluster area. The items are recorded

according to their intended level of difficulty which was

based on the nature of the item; that iS, items that were

familiar or concrete were projected to be less difficult

than the items that were unfamiliar and abstract, which

would reflect a higher level of difficulty. A hierarchial

pattern was incorporated into each of the concept clusters.

Difficulty is recorded progressively from left to right in

the tables. Most items show a pattern of decreasing diffi-

culty from the pretest to the poStteSt results as well as

in the retention readings, thus indicating that the con-

cepts addressed in these items were learned and retained.
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Table 8

ITEM HIERARCHIES AND DIFFICULTIES -GROUP-ONE-fn=29)

(Arranged from Familiar/Concrete to Unfamiliar/Abstract)

43

CLUSTER ONE = PLANT AND ANIMAL CHARACTERISTICS

#1 #2 #3 #4

Pretest .00 .45 .69
Posttest .03 .10 .24 .57
Retention .00 .06 .00 .34

CLUSTER TWO = PLANT AND ANIMAL IDENTIFICATION

#8 #6 #7 #5

Pretest_ .07 .17 .10 ;28
Posttest .10 .06 .07 .07
Retention .10 .03 .03 .00

CLUSTER THREE = PLANT AND ANIMAL HABITATS

111 110 #9

Pretest_ .55 .86 .69
Posttest .10 .62 .41
Retention .24 .20 .55

CLUSTER FOUR = FOOD CHAINS

#12 #13 #14 #16 #15 #17 #18 #19

Pretest .14 .31 .31 .24 .24 .31 .24 ;36
Posttest .03 .07 .00 .07 .10 .07 .14 .45
Retention .00 .07 .03 .24 .03 .28 .41 ;31
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CLUSTER FIVE - FOOD WEBS

#22-123 #24 #26 #21 #28 #30 #29 #27 #25 #20

Pretest .07 ;03 .03 .21 .38 .38 .48 .62 .35 .48 .57
POSttest .00 .00 .00 .03 .17 .07 .10 .28 .35 .52 .45
Retention .00 .00 .03 .24 ;07 .24 .17 .48 .31 .57 .31

CLUSTER SIX - ENERGY TRANSFER (FOOD)

#32 #31

Pretest .24 .55
Posttest .17 .35
Retention .24 .57

CLUSTER SEVEN - ENERGY PYRAMIDS

#36 #34 135 #37 #38 #33

Pretest .07 .17 .17 .52 ;48 .55
POSttest .03 .10 ;03 ;17 ;24 .24
Retention .00 .07 .03 .31 ;31 .14

CLUSTER EIGHT - NUTRIENT CYCLES (CARBON)

#39 #40

Preteat .41 .62
Posttest .31 .57
Retention .45 .79
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Table 9

ITEM-HIERARCHIES AND DIFFICULTIES - GROUP_TMCI-(11=21)

(Arranged from Familiar/Concrete to Unfamiliar/Abstract)

CLUSTER ONE = PLANT AND ANIMAL CHARACTERISTICS

#1 #2 #3 #4

Pretest_ .00 .24 .62 .91
Posttest .00 .09 .05 .43
Retention .00 .05 .05 .43

CLUSTER TWO = PLANT AND ANIMAL IDENTIFICATION

#8 #6 #7 #5

Pretest .27 .24 .09 .05
Posttest .14 .00 .00 .00
Retention .19 .00 .00 .00

CLUSTER THREE PLANT AND ANIMAL HABITATS

#11 #10 #9

Pretest .28 .62 .71
Posttest .10 .24 .38
Retention ;00 .52 14

CLUSTER FOUR = FOOD CHAINS

#12 #13 #14 #1 i5 1 #18 019

Pretest .00 .19 .14 8
Posttest .05 .05 .05 i05 i14 7L9
Retention .00 .05 .05 .00 .10
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CLUSTER FIVE - FOOD WEBS

#22 #23 #24 #26 #21 #28 #30 #29 #27 #25 #20

Pretest .05 405 .05 .10 ;27 .24 .38 .27 .52 .48 .43
POSttest .00 .00 .00 ;05 ;05 .14 .10 .33 .38 .24 .19
Retention .00 .00 .00 .00 ;10 .19 .05 .38 .19 .43 .19

CLUSTER SIX - ENERGY TRANSFER (FOOD)

#32 #31

Pretest .10 .38
Posttest .05 .27
Retention .10 .38

CLUSTER SEVEN - ENERGY PYRAMIDS

#36 #34 #35 #37 #38 *33

Prete-sr. .14 .19 .19 .27 ;27 ;19
POSttest .00 .05 .05 .05 ;05 405
Retention .05 .10 .10 ;14 ;14 ;05

CLUSTER EIGHT - NUTRIENT CYCLES (CARBON)

#39 #40

Pretest 443 .68
Posttest .19 ;57
Retention .27 ;81
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Table 10

ITEM HIERARCHIES AND DIFFICULTIES - GROUP THREE 4fl=291-

(Arranged from Familiar/Concrete to Unfamiliar/Abstract)

47

CLUSTER ONE - PLANT AND ANIMAL CHARACTERISTICS

*1 #2 *3 *4

Pretest .00 ;35 .72 .79
Posttest .00 ;03 .10 31
Retention ;00 ;03 .03 .52

CLUSTER TWO 7 PLANT AND ANIMAL IDENTIFICATION

*8 *6 *7 *5

Pretest .41 .17 .00 .17
Posttest .00 ;00 .00 .00
Retention ;10 .03 .03 .02

CLUSTER THREE - PLANT AND ANIMAL HABITATS

*11 *10 *9

Pretest .45 .86 ;76
Posttest .00 ;17 ;52
Retention ;10 .35 ;41

CLUSTER FOUR - FOOD CHAINS

*12 *13 *14 *16 *15 *17 *18 *19

Pretest .21 .14 .14 .28 .55 .24 .28 .31
Posttest ;00 .00 .00 .00 .35 .00 .00 .17
Retention .03 ;03 1013 .03 .21 .03 .07 .24
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CLUSTER FIVE - FOOD WEBS

#22 #23 #24 426 #21 #28 #30 #29 #27 #25 #20

Pteteet .00 .10 .03 .03 ;21 .14 ;28 .41 .38 .52 .79
Pbetteet .00 .00 .00 .00 .10 .00 ;03 ;07 .31 .31 .07
RetentiOn .03 .03 .03 ;03 ;07 ;10 ;07 ;10 .21 .52 .28

CLUSTER SIX - ENERGY TRANSFER (FOOD)

#32 #31

Preteet .31 .76
Postteet .21 .14
Retention .31 .34

CLUSTER SEVEN - ENERGY PYRAMIDS

*36 #34 *35 *37 *38 *33

Pretest .03 .21 .21 .24 ;24 ;38
POetteSt .00 .00 .00 .07 .07 ;14
RetentiOn .03 .03 .03 .14 .14 ;07

CLUSTER EIGHT - NUTRIENT CYCLES (CARBON)

*39 #40

Pretest .38 .84
POStteSt .17 .72
Retention .31 i79
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Student_Backqround-and At ti tudes

The student background and attitude form was designed to

obtain information on students': 1) science academic stand-

ing; 2) sex; 3) grade level; 4) Science course background;

5) science interests; 6) Science ektracurricuIar involve-

ments; 7) perception of learnings; 8) learning style pref-

erence; and 9) travel and outdoor experience. A total of

50 possible responses were coded for the variables exam-

ined. Students were to provide only one response for 27 of

the items, whereas more than one choice was possible for 21

items. 3ubtota1s were also tallied for four categories of

items (number of science courses taken, total countries

visited, expressed interest in Science-related events, and

actual participatic,n ln science-related events).

Instructional-Emphasis Perception

Perceptions of the emphasis given to each major concept

area was reported by both teachers and students. Partici-

pants indicated the emphasis given to each topic at pretrip

sessions, during the trip, and at the posttrip sessions.

DATA COLLECTION-PROCEDURES

Data collection procedures are diSoilssed in three gener-

al categories: student concept UnderStandings; student

background and attitude infOrtatiOn; and instructional

emphasis perceptions.
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Student Conc9pt Understamdlnqs

The pretest for the Student Ecology Assessment (SEA)

Form 4 was administered to the Students during one of each

group's pretrip sessions. The SEA was re-administered

directly in the field setting on the last evening of the

seven-day excursion. The third tetting occurred four weeks

after the trip at each group's final posttrip meeting.

Student Back roundandAttItude FOrm

The students responded to the backgrornd and attitude

inventory during one of the pretrip sessions. It was

administered independently of the SEA instrument. All

forms were coded to insure anonymity.

Instructional EmohaslsParcebtion

Teachers indicated the coverage delivered for each tar-

geted concept area and also recorded the natuke of the cov-

erage for each topic (i.e activity, filt, report, etc.).

This occurred for the pretrip, trip, and posttrip sessions.

InfOrmation was also requested on the time

devoted to administrative;

taitk6i The

concept

teachers were

areas that

procedural, and

asked to specify

received most attention

and emphasis

mstructional

the targeted

and also to

indicate other science- related topics that were a part of

the instructionaI program during the sessions. Students

reported their perceptions of the emphasis given to each

targeted concept area on a similar form.
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STATISTICAL ANALYSIS

Statistical analysis procedures were conducted at the

computing facilities of The Ohio State University and

entailed use of programs from two statistical packages. An

item analysis program, ItemA Statpack (1982), which orgi-

nated at The Ohio State University, was employed in the

development of the Student Ecology Assessment (SEA) instru-

ment and was also used in the analysis of pretest, post-

test, and retention responses. Dat,.z obtaiaed from the SEA,

the student background/attitude forms, and the instruction-

al emphasis forms were subjected to selected programs con-

tained within the Statistical Packav for the Social Sci-

ences (SPSSx). These included: frequency diStributions;

correlational analyses; and multiple regression analyses.

Additional computations were also performed and included:

adjusted gain scores; t test calculations; and percentages

of possible gain.

Student responses on the SEA instrument and the

background/attitude form were coded separately fOr statis-

tidal analySi6. Initially, frequencies were Obtained for

the background/attitude instrument and then were entered

fOr correlational analysis and regression analysis With the

students' responses from th., SEA instrument. FreqUendieS

were also analyzed for student's responses tO the SEA

instrument and Correlations were examined both Within dadh
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group and also betWeen each of the tested groups. Compari-

sons of pretest to poSttest results through t test analysis

showed significant gain8 for each group (p <.001).

Overall, studentS videnced significant gains in scores

on the SEA instrument from pre to posttest responses.

Results on the retention test also indicated that the con-

cepts addressed in the instrument were retained by the stu-

dents.

Student subscores for each of the eight major concept

strands from the poSt and retention tests were then stan-

dardized into adjusted gain scores for further analysis.

The adjusted gain score8 were also entered into regression

analyses. Teacher and Student ratings of the instructional

emphasis given to each of the eight major concept areas

were also included in correlational and regression analy-

ses.

Regressions conducted on each group included: 1) each

pretest subscore and total score against background vari-

ables; 2) each postteSt Subscore total sce-re against pre-

test subscores and background variables; 3) each posttest

subscore and total score against background variables; 4)

each post adjusted subscore and total score against pretest

subscores and background variables; 5) each post adjusted

subscore and total score against pretest subscores, back-

ground variables, and emphasis ratings; and 6) retention
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adjusted gain scores against pretest subscores, background

variables, post adjusted gain scores, and emphasis ratings.

Results of the statistical analysis are presented in Chap-

ter 4.



CHAPTER IV

RESULTS

There are five sections

tion presents frequencies

this study for the purpose

in this chapter. The first sec-

of the variables addressed in

of showing the samples' charac-

teristics. The second section reviews correlation find-

ings. The third presents results of the multiple regres-

sion analyses. The fourth section reports percentages of

gain and emphasis ratings. The fifth section includes a

review leiated to the tests of the stated hypotheses. Ref-

erences are also made to the table-a in the appendices

DESCRIP

The student background and attitude form was designed to

c' ",=tin information on selected characteristics of the par-

ticipating students. Means and/or percentages related to

items in the background/attitude form are provided in

Tables 11 through 17.

- 54
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Student-Characteristics

Comparisons of the distribution of students' grade lev-

els, sex, and mean prior science grade scores indicate the

homogeneity of the sex ratio and science achievement means

of the three groups. However, differences exiSted in the

grade levels of the participating groups, with group three

having all Studens from the 12th grade. Characteristics

of the participating groups are found in the summaries of

Tables 11 through 13.

Table 11

GRADE-LEVEL OF STUDENTS IN THE PARTI IPATING GROUPS

GROUP 10th IIth 12th TOTAL
% h % n % n

1. 7 24% 10 354 12 41% 29 100%
2; 8 38% 7 33% 6 29% 21 100%
3. 0 00% 0 00% 29 100% 29 100%

Table 12

DISTRIBUTION OF THE SEX OF THE PARTICIPATING-GROUPS

GROUP FEMALES MALES

NUMBER PERCENTAGE NUMBER PERCENTAGE

1. 18 62% 11 38%
2; 13 48% 11 52%
3. 13 45% 16 55%

7 4



Table 13

SCIENCE ACHIEVEMENT-MEANS=AND STANDARD DEVIATIONS OF THE
PARTICIPATING GROUPS

56

GROUP n CURRENT COURSE STAND DEV. CUMULATIVE STAND DEV.
MEAN GRADE MEAN GRADE

I. 29 3.03 ;958 3.04 .706
2. 21 3;42 ;692 3.00 .973
3. 29 2.96 ;566 2.96 ;576

(A = 4.0; 3.0; C = 2.0; D = 1.0)

Student Attitudes

Students' attitudes toward science and science learning

as expressed in selected items cn the student ba-kground/

attitude form are reported by percentages in Tables 14

through 16.

Table 14 indicates that nearly all students of the par-

ticipating groups were highly positive in their perceptions

of the amount of learning that was achieved in their sci-

ence clasces and were affirmative in responding that they

generdlly enjoyed their science classes. Their desire to

take additional science classes reflected a lower degree of

agreement but was still positive.
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Table 14

PERCENTAGE-OF STUDENTS HOLDING POSITIVM=ATMUDES-TOWARD
SCIENCE CLASSES FOR THREE ITEMS

57

GROUP ITEM 1 ITEM 2 ITEM 3

1. 29 90% 83* 97%
2. 21 100% 76* 100%
3. 29 100% 65* 100%

1. = Positive perception of the amount learned in science
2. = Desire to take more science classes
3. = Enjoyment of science classess

When the participating students were asked to indicate

the modes of learning that thoy preferred in their science

classes, the learning strategies that necessitate direct

involvement and active participation were rated more highly

than those that implied a passive means of learning.

Therefore lectures and reading received the lowest ratings,

whereas outdoor activities, group work, and laboratory

exercises were selected by the highest percentage of stu-

dents. Similarities again are common in these self select=

ed groups; Table 15 reports these percentages.

Table 16 repOrts student responses to items which

focused on science-related ectiVities. Students were asked

to specify both the science-related acitivities that they

like to do as well as those that they had already done.

Generally; it Is seen that the participating groups actual=

ly participated in more activities than they stated that

76



Table 15

LEARNING STLE_PREFEBENCE-OF THE PARTLCIPATING GROUPS

STYLE GROUP ONE GROUP TWO GROUP THREE
n=29 ti..21 n=29

n * n * n *

I. 7 24* _3 14% 6 21*
2. 23 79% 19 90% 23 79%
3. 22 76* 18 86% 26 90*
4. 27 93% 18 86% 28 97*
5. 4 14% 5 24% 5 17*

I. = Lectures
2. = Laboratory Exercises
3. = Group Work
4. = Outdoor Activities
5. = Reading

they had a preference for doing. This is readily apparent

with the high percentage of students who had completed sci-

ence fair projects in comparison with the Iow ratings thaL

they gave for wanting to do them. Overall, the participat-

ing groups indicated that they both hiked and like to hike

and have watched and prefer to watch science-- lIated tele-

visicn programs.



Table 16

PERCENTAGES OF_PREFERENCE AND INVOLVEMENT-IN-SCIENCE
ACTIVITIES OF THE PARTICIPATING_GROUPS

ACTIVITY GROUP_ONE GROUP TWO GROUP THREE

1.
2.
3.
4.
5.
6.
7.
8.

10.
11.
12.

h=29 _

% n
n=21

* n
n=29

*

1 _3% 4 19% 2 7%
16 55% 19 90% 20 69%
2 _7% 2 10% 3 10%
5 17% 8 38% 10 34%
7 24% 11 52% 24 83%

13 45% 6 29% 7 24%
23 79% 19 90% 26 90%
26 90% 19 90% 27 93%

3 14% 5 17%
20 69% 14 66% 24 83*
21 72% 18 86% 29 100%
10 34% 8 38% 13 45%

1. = Like to do science fair projects
2. = Like to hike in the outdoors
3. = Like to belong to science clubs
4. = Like to read science magazines
5. = Like to watch science television programs
6. = Like to participate in enviromental projects
7. = Parcicipated in science fairs
8. = Hiked in the outdoors
9. = Have been a member of a science club
10. = Read science magazines
11. = Watched science television programs
12. = Been involved in environmental projects

Travel-and Outdoor Experience

In order to assess the participatig groups' exposure to

outdow: experiences and to traveIi several items on the

student background/attitude form were directed to obtaining

information on these aspects; GeneraIlyi the participating

students, attitude toward travel was highly favorable ( 90%



60

liked to travel) and the students were very well traveled.

Table 17 summarizes and reports the finding8 in percentages

concerning selected information on the participating stu-

dents background for travel.

Table 17

TRAVEL AND OUTDOOR EXPERIENCEINDICATED BY THE
PARTICIPATING GROUPS

EXPERIENCE GROUP ONE
n=29

h

GROUP TWO
n=21

GROUP THREE
n=29

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

1. =
2. =
3. =
4. =
5. =
6. =
7. =
8. =
9. =
10 =
11. =
12. =
13. =

28 97%
28 97%
13 45%
27 86%
18 62%
_9 31%
10 34%
0 0%
7 24%
0 0%
2 7%
0 0%
4 14%

20 95%
20 95%
15 71%
20 95%
12 57%
5 24%
2 10%
0 0%
4 20%
0 0%

5%
0 0%
0 0%

29
29
22
28
19
7
5

_2
16
1
5

0
6

100%
100%
76%
97%
66%
24%
17%
7%

55%
3%

17%
0%

21%

Took trips that were more than 3 days long
Traveled a distance greater than 50 miles
Camped overnight (at least once a year)
Would like to travel to new and different
Traveled to
Traveled to
Traveled to
Traveled to
Traveled to
Traveled to
Traveled to
Traveled to
TraVeled to

Canada
Mexico
the Caribbean
Asia
Europe
Africa
South America
Australia
Hawaii or Alaska

79

(in a year)
(in a year)

pletdo
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CORRELATIONS

Since the significant correlations between variables

appear in the regression results and are reported there,

separate tables do not appear in the text or appendix

REGRESSIONS

The variables were entered and considered in the analy-

sis which consisted initially of generation of Pearson

product- moment correlation coefficient matrices for each

group's scores. All measured variables were included in

each matrix. Those that had a pattern of significance (p

<.05) were identified. These variables were entered into

stepwise regression analyses on the subscores and total

scores c .a Student Ecology Assessment (SEA). Regression

analyses conducted on each of the three groups separately

included: 1) each pretest subscore and total score against

background variables; 2) each posttes subscore and total

score against background variables; 3) each posttest subs--

core and total score against pretest scores and background

variables; 4) each post adjuSted subscore and total score

against pretest subscores and background variables; 5) each

post adjusted subscore and total score against pretest

subscores, background variableS, and emphasis ratings; and

6) retention adjusted gain scores against pretest subs-

cores, background variables, post adjusted gain scores, and

emphasis ratings.
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Because of the differences among the three participating

groups, the regression analyses were performed separately

for each group and are reported in this fashion. Since

distinct concept strands were examined in the Student Ecol-

ogy Assessment (SEA), they also were analyzed separately.

Results are specified for each subscore which measured the

Concept strands. The total score iS alSO reported. The

Sequence of reporting the regression reStiltS is as follows:

1) group one; 2) group two; and 3) grotip thkee. Results

within these groups are presented in the following manner:

1) pretest by background variables; 2) posttest by back-

ground and pretest scores; 3) adjusted gain by background,

pretest, and posttest scores; and 4) adjusted retention

gain by background, pretest, posttegt, and ad:'sted post-

test gain scores.

The major predictors that emerged in each regression at

(p <.05) are specified in the tables. In some cases, the

variance accounted for by these variables may block the

emergence of the other potential predictors. Therefore the

tables represent only the most significant of the possible

predictors. Predictors that emerged from free regressions

(p .05) are provided in Appendix G. In cases where no

predictor emerged, tables are not included for that subs-

cord. Complete lists of variable nameS are provided in

Appendices E and F.

81



63

Group One

Pretest ScOreS against Background Variables

Subscore 1 - Plant and Animal Characteristics:

Since no predictor emerged; a table is not included.

Subscore 2 - Plant and Animal Identification:

In this analysis two predictors were identified; The

students' indication Of Watching science television pro=

grams accounted for 15 perdent of the variance and travel

experience to Canada; accounted for an additional 14 per=

cent; explaining a tcital of 29 percent of the variance.

See Table 18.



Table 18

REGRESSION-OF-BACKGROUND_VARIABLES ON PRETEST SUBSCORE-2
FOR GROUP ONE (n=29)

64

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 5;21319

;53501
28623
23133
71893

DF SUM OF SQUARES
2 _5;38905

26 13;43854
SIGNIF F = ;0125

VARIABLES TN THE EQUATION

MEAN SQUARE
2;59453
;51687

VARIABLE B B BETA

WV ;70008
61464

.29870 ;38833

.27154 ;?7013
2;344
2;232

SUMMARY TABLE
VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCHSTEP

1
2

WV ;3863 .1492 .1177 4736 ;038 ;1492
.5350 .2862 .2313 5213 ;012 ;1370

WV Watched science television programs (actually done)
C Travel out of the United States (Canada)

Subsoo:re-3---4q-ant-and Animal Habitats:

The variables in this analysia that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjusta-lt for distribution and missing

data. Free regressions were conducted with these variables

and the results are reportd in Table 100 in Appendix G.



Subscore 4 --Food Chains:

The predictor

65

variable identified in t analysis was

the indication of the students' ptisitiiM perception that

they did learn in their science claSteS.

accounted by this variable was 19 perdent.

19.

Table 19

The variance

Refer to Table

":EGRESSION OF BACKGROUND VARIABLES ON PRETEST SUBSCORE 4
FOR GROUP ONE (n=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALY-"US OF VARIANCE

REGRESSION
RESIDUAL
F = t 41379

.43418

.18851

.14580
1.62882

DF 3UM OF SQUARES
11.71006

19 50;40816
SIGNIP 7 = .0492

MEAN SQUARE
11.71006
2.65306

VARIABLES IN THE EQUATION
SE B BETAVARIABLE

1.14285 ;54398 .43418

UMMARY TABLE-

2.101

STEP VARIABLE MULTR RSQ ADJRSQ F(EQN)

1 Q .4342 .1885 .1458 4.414

SIG? RSQCH

.049 .1885

Perception of Learning in Science

Subscore 5 - Food Webs:
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Two variableb were identified in this analysis: the stu-

dents' indication of expF.rience in hiking outdoors, which

accounted for 21 percent of the variance, and the students,

expression of liking to view science-related television

programs, which accounted for an additional 19 percent,

explained a total of 40 percent of the variance. Table 20

reports the results.

Table 20

REGRESSION OF BACKGROUND VARIABLES ON PRETEST_SUBSCORE-5
FOR GROUP ONE (n=29)

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSTS OF VARIANCE

;63431
;40223
;35624

1;52567

DF SUM OF SQUARES MEAN SWARE
REGRESSION 2 40;72196 20;36098
R.nIDUAL 26 60;51942 2;32767
F = 8.74737 SIGNIF F = ;0012

VARIABLES IN THE EQUATION
VARIABLE SE B BETA

HO 3.00485 .93276 ;48977 3;221
TV 1.92233 .66383 ;44026 2;896

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 HO .4576 .2094 ;1801 7;153 ;013 ;2094
2 TV .6342 .4022 ;3562 8;747 ;001 ;1928

HO
TV

Hiked_outdOors _

Like to watch sdiende television programs
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Subbcoce 6 - Enerqv Transfer-1E0044-Y:

Two variables were identified in this analySis: the stu-

dents' desire to take more science classeS, Which accounted

for 18 percent of the variance, mld the deSire of students

to read science books and mag3zines, which accounted for an

additional 14 percent, explained a total of 32 percent ,f

the variance. Refer to Table 21.

Table 21

REGRESSION OF BACKGROUND VARIABLES-ON-PRETEST SUBSCORE
FOR GROUP ONE_l_n=294

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

;56815
;32280
.27071
;67147

DF SUM OF SQUARES
REGRESSION _2 5.58775
RESIDUAL 26 11;72660
F = 6.15664 SIGNIF F = .0063

VARIABLE

MM
RM

MEAN SQUARE
2.79387
.45087

VARIABLES IN THE EQUATION

.38768

.78484

SE B BETA

.13528 ;46558

.33230 ;33372
2.866
2.362

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

MM .4213 .1775 ;1470 5;827 .023 .1775
2 RM .5682 .3228 .2707 6;197 .006 .1453

WOuld like to take additional -...cience claSSeS
Read Sdience magazines or books
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Subscore-3Enerav-PyramidS:

The -/ariables in this analySiS that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjustment for distribution and missing

data. Free regressions Were conducted with these variables

and t re3ults are reported in Table 101 in Appendix G.

Subscore 8 - Nutrient Cycles:

Two variables were identified in this analysis: the

indication that the students traveled a distance of 50

miles or more each year, which accounted for a variance of

15 percent, and the cumulative score of science-related

activities performea, which accounted for an additional 13

percent, explained a (;otal of 28 percent of the variance.

The results tlre presented in Table 22.
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Table 22

REGRESSION OF BACKGROUND=VARIABLES-ON PRETEST SUBSCORE 8
FOR_GROUP-ONE(n=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

.53310

.28419

.22913

.52470

ANALYSIS OF VARIANCE--

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 2 2;84194 1.42097
RESIDUAL 26 7;15806 .27531
F = 5.16134

VARIABLES

SIGNIF F = ;0130

IN THE EQUATION
SE BVARIABLE BETA

TM .31891 .12873 .41200 2.477
GTG .20789 .09409 .36745 2.209

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 TM .3870 1498 .1183 4.757 .038 .1498
2 GT(1 .5, ,. J842 .2291 5.161 .013 .1344

TM Traveled a distance of more than 50 mileS (in a year)
GTG Total of science-related activities performed

Total Score of the Pretest:

The predictor variable identified in this analysis was

the students' preference for reading as a mode of learning

science. The variance accounted by this variable was 23

percent. Table 23 reports the findings.
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Tab10 23

REGRESSION-OF-BACKGROUND VARIABLES ON PRETEST TOTAL _SCORE
FOR-GROUP ONE (n=29)

REGRESSION
RITIDUA
F - b433899

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANUE

47829
22876

-418591
3494562

DF SUM OF SQUARES
1 _83.11704

18 280.22286:
SIGNIF F = .0329

VARIABLE

MEAN SQUARE
83.11704
15.594

VARIABLES IN THE EQUATION
SE B BETA

5;96000 2.57938 .47828

SUMMARY TABLE_
STEP VARIABLE MULTR RSQ ADJRSQ

Y 44M3

2.311

dIGF RSQCH

.2288 .1859 54339 ;033 ;2288

Reading eel a preferred way to learn science

Posttest Scores against Background and Pretest Scores

Subscore 1P1ant-and-Anima1 Characteristics:

The predictor variable identified in this analysis was

the indication that students- frequently watch science tele-

vision programs. The var_ance accountsd by this variable

was 30 percent. Refer to Table 24.
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REGRESSION OF BACKGROUND kiJO P,InTEST SCORES ON PUETTEST
SUBSCORE FOR qfiCIAVLODIE,An=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANC

.54410
;29605
25026
78234

DF SUM OF SQUARES
REGRESSION _1 4;12787
RESIDUAL_ 16 9;18548
F = 6.72876 SIGNIF F = .0196

MEAN SQUARE
4.12787
.61347

VARIABLES IN THE EQUATION
VARIABLE B SE B BETA

WV 1.08331 .41763 .54410 2.594

SUMMARY TABLE-
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

WV .5441 .2960 ;2520 6;729 .020 .2960

Watched science television programs

Subscore 2 - Plant and Arthrlal Identification:

The variables in this analysis that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjustment for distribution and missing

data. Free regressions were conducted with these variebles

and the results are reported In Tnble 102 in Appendix G.

Subscore 3 - Plant and Animal Habitats:
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In this analysis two predictors were identified. The

students' current science grade accounted for 33 percent of

the N-ariance and travel experience to Europe accounted for

an additional 17 percent, explaining a total of 50 percent

of the variance. Table 25 reports the resulta of the anal-

yeis.

Table 25

REGRESSION OF BACKGROUND AND-PRETEST SCORES ON POSTTEST
SUBSCORE 3 FOR_GROUP-ONE-441=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCS

.70829

.50168

.43524

.41865

DF SU:1 OF SQUARES
REGRESSION 2 2.64680
RESIDUAL 15 2.C2906
F = 7.55060 SIGNIF F = .0054

VARIABLES (N THE FpUPTION---
VARIABLE

CG .33944
.52790

MEAN SQUARE
1.32340
.17527

SE B BETA

;05973
.23320

.58395
41268

3.203
2.264

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ..DJRSQ Ff7QN) SIGF RSQCH

1 CG .5757 .3314 .2897 7.932 .012 .3314
2 E .7083 .5017 ;4352 7.551 .005 .1702

CG Current scienJ:7e_grade
Travel cut of 17.ne United States (Europe)
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Subscore 4 - Food Chains:

The predictor variable identified in this analysis was

the students, desire to travel to new and diffeat place.

The variance accounted for by this variable wa c. , percent.

The results are presented in Table 26.

26

REGRESSION OF BACKGROUND AND PRETEST SCORES ON POSTTEST
SUBSCORE 4-FOR GROUP ONE (n=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R_SQUARE
ERROR

ANALYSIS OF VARIANCE

;50000
;25000
;20313

1.26088

DF SUM OF SQUARES
REGRESSION 1 8,47906
RESIDUAL 16 25.43719
F = 5.33333 SIGNIF F = .0346

MEAN SQUARE
8;47906
1;58982

VARIABLES IN THE EQUATION
SE B BETAWARIABLE

DP 2;64626 1.14586 .50000 2;3 9

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

DP .5000 .2500 .2031 5.333 .035 ;2500

DP Deslre to travel to ne% and different places
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Subscore 5 - Food Webs:

The predictor variable identified in this ?as

the students' travel experience to Mexico (Students whc, did

not have the experience); The variance accounted for by

thiS Variable was 27 percent. Refer to Tabre 27.

Table 27

REGRESSION OF BACKGROUND ANDPRETESTSCORES ON POSTTEST
SUBSCORE 5 FORGROUPONE=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

;52154
;27200

R SQUARE ;22650
ERROR 1.31887

ANALYSIS OF VARIANCE

DF SUM OF SQUARES
REGRESSION 1 10;39831
RESIDUAL___ 16 27.83075_
F = 5.97803 SIGNIF F = .0264

MEAN SQUARE
10.39831
1.;3942

VARIABLES IN THE EQUATION
VARIABLE SE B BETA

-1.66111 .67939 .52153 -2.445

SLMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 M .5215 .2720 .2265 5.978 .026 .2720

Travel out of the United States (Mexico)

SUbSddre 6 - Energy Transfer_tFoodlt

93



7 5

In this analysis two variables were identified. The

student6' tiVéta11 grade average

the variande and the students'

accounted for 30 percent of

desire to take more science

percent, explaining

The results of this

courses d-Counted for an additional 18

a tdtal Of 48 percent of the variance;

analysis are presented in Table 284

Table 28

REGRESSIOn OF BACKGROUND AND PRET3T_SCORES ON POSTTEST
SUBSCORE 6 FOR GROUP aNE_In=291

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

;69458
;48244
441343
;52668

DF SUM OF SQUARES
_2 3i8.7850

9177SIDUAL
_ 15 4416091

= 6.99095 SIGNIF F = 40072

VARIABLE

MM

MEAN SQUARE
1.93925
.27739

VARIABLES IN THE EQUA ION
BETA

.06795

.30914

SE B

402121
413611

;59859
42448

3.203
2.271

SUMMARY TABLE
-02EP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 _V .5518 43044
MM .6946 44824

42610 7;003 ;018 .3044
;4134 6;991 4007 .1780

CumulatiVe SOience grade mean
Desire tb bike additional science classes

9 4
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Subscore-7---Enercy Pyramids:

The variables in thiS analybiS that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjustment for distribution and missing

data. Free regressions Were conducted with these variables

and the results are roported 103 in Appendix G.

Subscore- 8 - Nutrie,'

The predictor variabls identified in this analysis was

the preference for lodge facilitieS while in the outdoors

(students who did not prefer lodges). The variance

accounted for by this variable waS 24 percent. Refer to

TeelIe 29 for the results.
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Table 29

REGRESSION OF BACKGROUND AND=PRETEST-SCORES ON POSTTEST
SUBSCORE 8 FOR_GROUP-ONE-(-n=294

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANC

48795
;23810
;19048
;60570

DF SUM OF SQUARES
REGRESSION 1 1.83441
RESIDUAL 16 5.87002
F = 5.00009 SIGNIF F = .0399

VARIABLE

LX

MEAN SQUARE
1.83441
.36688

VARIABLES IN THE EQUATION-
SE B BETA

=.64908 29025 -;487953 .236

SUMMARY TABLE
-S-;I'EP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

LX .4880 ;2381 ;1905 5;000 ;040 .2331

LX Prefer lodge faciItties while exploring the outdoors

Total Posttest Score:

The pre-Uctor variable identified in this analysiS waS

the Students' positive perception of their learning in

their Science classes. The variance accounted by thiS

variable was 36 percent. Refer to Table 30 for results.
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Table 30

REGRESSION-OF=BACKGROUND AND PRETEST SCORES ON POSTTEST
TOTAL SCORE-FOR GROUP ONE (n=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 8;91899

.59826

.35792

.31779
3.35206

DF SUM OF SQUARES
1 100.21653

16 179.78100
SIGNIF F = .0087

MEAN SQUARE
100.21653
11.23631

VARIABLES IN THE EQUATION
VARIABLE B SE B BETA

3.626374 1.214269 .59826 2.986

STEP VARIABLE MULTR

1

SUMMARY TABLE
RSQ ADJRSQ F(EQN) SIGF RSQCH

Q .5983 .3579 .3178 8.919 .009 .3579

Positive perception of learning in science

Adjusted Gain Scores against Background and Pretest Scores

4mintal Characteristics:

In this analysis two variables were identified. The

pretest subscore 1 (students who scored low on the pretest

made the mcst gain) accounted for 49 percent of the vari-

ance and the students' indication of watching science tele-
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vision programs accounted for an additional 14 percent,

explaining a total of 63 percent of the variance. Table 31

contains the results of this analysis.

Table 31

REGRESSION_OF BACKGROUND AND PRETEST SCORES-ON ADJUSTED
GAIN SUBSCORE 1 FOR GROUP ONE (n=291

MULTIPLE R
R_SQUARE
ADJUSTED R SQUARE
STANDARD ERROR

ANALYSIS OF VARIANCE

.79477

.63166

.58254

.79779

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 2 16.37171 8.18586
RESIDUAL 15 9.54701 .63647
F = 12.8614 SIGNIF F = .0006

VARIABLES IN THE EQUATION
VARIABLE B SE B BETA

Tl -.94804 .21497 -.69116 -4.410
WV 1.03726 .42543 31210 2.438

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1

2
11 .6969 .4835 .4535 15.109 .001 ;4857
WV .6317 .6317 .5825 12.861 .001 ;1460

Tl Pretest Subscore
WV Watched science television programs

Subscore 2 - Plant and Animal Identification:
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The predictor variable identified in this analysis was

the pretest subscore 2 (students who scored low on the pre-

test made the most gains). The variance accounted for 65

percent of the variance. Refer to Table 32 for the

results.

_ IL :'- -'0-k0

Table 32

-AND- PRETEST RESULTS ON ADJUSTED
GAIN-SUBSCORE-2-FOR- GROUP ONE ( n=29 )

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

DF
REGRESSION 1
RESIDUAL 16
F = 30;19034

VARIABLE

T2

R SQUARE
ERROR

.80846

.65361

.63196

.54027

ANALYSIS OF VARIANCE

SUM OF SQUARES MEAN SQUARE
8.81243 8.81243
4.67033 .29190

SIGNIF F = .0000

VARIABLES IN THE EQUATION
SE B BETA

.16799 -.80846 -5.495-.92307

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 T2 .8085 .6536 .6320 30.190 .000 .6536

T2 Pretest subscore



81

Subscore 3 - Plant and Animal Habitats:

Three variables were identified in this analysis. The

pretest subscore 3 (students who scored low on the pretest

made the most gains) accounted for 57 percent of the vari=

ance. Other variables included: the students' current

science grade and the students' ninth grade science

achievement mean (students who had a low achievement mean

made the most gains). These variables contributed 12 per-

cent and 9 percent, respectively, to the variance explain-

ing a total of 78 percent of the variance. Refer to Table

33.
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Table 33

REGRESSION OF BACKGROUND AND PRETEST SCORES-ON ADJUSTED
GAIN SUBSCORE 3 FOR GROUP ONE (n=29-)-

82

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

.88348
;78053
73350
.54289

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 3 14.67433 4;89144
RESIDUAL- 14 4.12616 29473
F = 16.59658 SIGNIF F = .0001

VARIABLES IN THE EQUATION
VARIABLE SE B BETA

T3 =.84697 .16517 -.65801 -5;128
CG .41829 .13854 .38120 3;019
NG =.37059 .15513 -.30584 -2;389

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 T3 .7525 .5663 .5392 20.891 .000 ;5663
2 CG .8313 .6911 .6499 16.778 .000 ;1248
3 NG .8835 .7805 .7335 16.597 ;000 ;0895

T3
CG
NG

Pretest subscore 3
Current grade in science
Ninth grade science achievement mean

Subscore 4 Food Chains:

In this analysis two variables were identified. The

pretest subscore 4 (students who

made the most gains)

scored low on the pretest

accounted for 40 percent of the vari-

ance and the pretest subscore 7 accounted for an additional

16 percent, explaining a total of 56 percent of the vari-

ance. See Table 34 for the results.
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Table 34

REGRESSIONOF_ T SCORES ON ADJUSTED
GAIN,SUBSCORE 4 FOR GROUP ONE 11=29

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

.74590

.55637

.49722
1.40630

__ANALYSIS OF VARIANCE--

REGRESSION
RESIDUAL
F = 9.40604

DF SUM OF SQUARES
2 37.20426

15 29.66419
SIGNIF F = .0023

VARIABLE

T4
T7

MEAN SQUARE
18.60213
1.97768

VARIABLES IN THE EQUATION
SE B BETA

. 19986 -.66110 -3.833

. 20402 .39830 2.310
-.76618
.47121

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

T4 .6314 .3986 ;3610 10.605 .005 .3986
2 T7 ;7459 .5564 .4972 9.406 .002 .1578

T4 Pretest subscvre 4
T7 Pretest subscore 7

Subscore 5 - Food_Wehs:

In this analysis two variables were identified. The

pretest subscore 5 (students who scored low on the pretest

made the most gains) accounted for 48 percent of the Vati=

ance and travel experience to Mexico (students without the

experience) accounted for an additional 15 percent,
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explaining a total of 63 percent of the variance. Table 35

contains theSe results.

T&ble 35

REGRESSIONi-OF BACKGROUND AND PRETEST SCORES ON ADJUSTED
GAIN SUBSCORE 5 FOR GROUP ONE (n=291

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

.79229

.62773

.57809
1.39177

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 2 48.99376 24.49688
RESIDUAL 15 29.05550 1.93703
F = 12;6466

VARIABLES

SIGNIF F = .0006

IN THE EQUATION
SE BVARIABLE BETA

T5 =.80976 .17951 -.71123 -4.511
=1.72940 .71756 -.38991 -2.410

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

T5 .6954 .4836 .4513 14.982 .001 .4836
2 M .7923 .6277 .5781 12.647 .001 .1442

Pretest subscore 5
Travel out of the United States (Mexico)

Subscore-6 Energy Transfer (Food):

The predictor variable identified in this analysis was

the pretest subscore 6 (students who scored low on the pre-
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test made the most gains); This variable accounted for 42

percent of the variance. Table 36 contains the results.

REGRESSION OF BACKGRO

Table

LIS N ADJUSTED
GAIN SUBSCORE6__FOR

MULTIPLE R.
R SQUARE
ADJUSTED R SQUARE
STANDARD ERROR

DF
REGRESSION
RESIDUAL 16
F = 11;73787

VARIABLE

ANALYSIS OF VARIANCE

65052
;42317
;38712
;72791

SUM OF SQUARES
6;21937
8;47768

SIGNIF F = .0035

MEAN SQUARE
6.21937
.52985

VARIABLES IN THE EQUATION
SE B BETA

T6 -;73897 ;21569 -.65051 =3.426

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

T6 ;6505 ;4232 ;3871 11.738 .003 .4232

T6 Pretest subscore 6

Subscore 7 --AtitimIlvramids:

In this analysis two predictors were identified. The

pretest subscore 7 (students who scored low on the pretest
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made the most gains) accounted for 33 percent of the vari-

ance and the pretest subscore 4 accounted for an additional

18 percent, explaining a total of 51 percent of the vari-

ance. Table 37 contains the results.

Table 37

REGRESSION OF BA . :6 .L. -LS-CORES _ON ADJUSTED
GAINS SUBSCORE 7 FOR GROUP-ONE (n=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

.71521

.51152

.44639
1.20168

_ANALYSIS OF VARIANCE---

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 2 22;68193 11.34096
RESIDUAL 15 21;66043 1.44403
F = 7.85370

VARIABLES

SIGNIF F = .0046

IN THE EQUATION
SE B

;17434
;17078

SUMMARY TABLE-

VARIABLE

T7 -.58065
T4 .40834

BETA

-.60271
.43267

-3.331
2.391

STEP

2

VARIABLE MULTR

T7 .5704
T4 .7152

RSQ ADJRSQ

.3254 .2832

.5115 .4464

F(EQN)

7.716
7.854

SIGF JQCH

.013 .3254

.005 .1862

T7 Pretest subscore 7
T4 Pretest subscore 4

Subscore 8 Nutrient-Cycles:
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In this analysis two variables were identified. The

preteSt Subscore 8 (students who scored low on the pretest

made the most gains) accounted for 33 percent of the vari-

ance and preference for cabin facilities while in the out-

doors (students who did not prefer cabin facilities)

accounted for an additional 18 percent, explaining a total

of 51 petcent of the variance. Refer to Table 38;

Table 38

REGRESSION OF BACKGROUND AND PRETEST SCORES ON ADjUSTED
GAIN SUBSCORE 8 FOR GROUP ONE (n=29)

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

REGRESSION
RESIDUAL
F = 7.84799

VARIABLE

T8
LX

Ft SQUARE
ERROR

.71508

.51134
014618
i62022

ANALYSIS OF VARIANCE

DF SUM OF SQUARES
2 6.03780

15 5;77008
SIGNIF F = .0047

VARIABLES IN THE EQUATION
SE B BETA

MEAN SQUARE
3.01890
.38467

=.87079
=.70794

STEP VARIABLE MULTR

1
2

T8 .5737
LX .7151

.253483

.299306
-.62441 -3;435

-2;365

SUMMARY TABLE
RSQ ADJRSQ F(EQN) SIGF RSQCH

.3291 .2871

.5115 ;4462
7.848 .013 ;3291
7848 .005 ;1823

T8 Pretest subscore 8
LX Preference for staying in a cabin when in the outdoors
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Total Adiusted Gain Score:

In this analysis two variables were identified. The

total pretest score (Students who scored low on the pretest

made the most gains) accounted for 41 percent of the vari-

ance and the students' positive perception of their learn-

ing in their science classe8 accounted for an additional 18

percent, explaining a total of 59 percent of the variance.

Table 39 contains the reSult8 of this regression analysis.

Table 39

REGRESSION OF-BACKGROUND AND PRETEST SCORES ON ADJUSTED
TOTAL SCORE FOR GROUP ONE (n=29)

MULTIPLE R .76854
R SQUARE .59065
ADJUSTED R SQUARE .53607
STANDARD ERROR 3.45161

ANALYSIS OF VARIANCE

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 2 257.85275 128.92637
RESIDUAL 15 178.70390 11.91359
F = 10.8217 SIGNIF F = .0012

VARIABLES IN THE EQUATION
VARIABLE B SE B BETA

TTT -.93802 .20610 -.80946
3.47638 1.34616 .45930

-4.551
2.582

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

TTT .6392 .4087 .3717 11.057 .004 .4087
2 Q .7685 .5907 .5361 10.822 .001 .1820

TTT Total Pretest Score
Positive Perception of Learning in Science
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Adjusted Retention Gain Scores against Background, Pretest,

Posttest, and Adjusted Gain Scores

Subscore I - Plant e; I. - - isticSi

The predictor variable identified in thiS aftalyeie Was

the students' travel experience to Hawaii arid/or AlaSka.

The variance accounted for by this variable Wati 27 pet-dent.

Refer to Table 40 for the results.

Table 40

REGRESSION OF BACKGROUND-
SCORES ON ADJUSTED

ADJUSTED_GAIN
-FOR GROUP ONE

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

DF
REGRESSION
RESIDUAL 16
F = 5.82645

;51667
.26694
.22113
.92913

SUM OF SQUARES
5.02986

13;81250
SIGNIF F = .0281

MEAN SQUARE
5.02986
.86328

VARIABLES IN THE EQUATION
VARIABLE B SE B BETA T

H -1.55000 .64214 .51666 -2.414

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

.5167 .2669 .2211 5.826 .028 .2669

Travel (Hawaii or Alaska)
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Subscore 2 - Plant and A alb

In this analysis two variables were identified. The

adjusted gain subscore 2 (students who score0 low on the

pretest made the most gains) accounted for 41 percent of

the variance and the pretest subscore 2 (students who

scored low on the pretest made the most gains) accounted

for an additional 18 percent; explaining a total of 59 per-

cent of the variance; Refer to Table 41;
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Table 41
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TEST_,__POSTTEST_;_ADJUSTED GAIN
SCORES_ON-ADjUSTED-RETENTION SUBSCORE 2 FOR GROUP ONE

ln=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

DF
REGRESSION _2
RESIDUAL 15
F = 10;81809

VARIABLE

AD2
T2

.76848

.59057

.53598

.39570

SUM OF SQUARES
3.38777
2.34868

SIGNIF F -=". .0012

MEAN:SQUARE
1.69388
.15658

VARIABLES IN THE EQUATION
SE B BETA

-.80000
-.542105

.18310

.20906
=1.22642 -4.369
=.72790 =2.593

SUMMARY TABLE
STEP VARIABLE MULTR

1 AD2 ;6380
2 T2 .7685

RSQ ADJRSQ F(EQN) SIGF RSQCH

.4070 .3700 10.983 .004 .4070

.5906 .5360 10.818 .001 .1835

AD2 Adjusted gain subscore 2
T2 Pretest subscore 2

Subscore 3 - Plant and Animal Habitat8:

In this analysis four variables were identified. These

included: students' preference for listening to lectures

in science classes (students who did not prefer lectures);

the adjusted gain subscore 3 (student8 Who Scored low on

the pretest made the most gains); the pretest SubScore 3
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(students who scored low on the pretest made the most

gains); and the adjusted gain subscore 7. These variables

contributed 26 percent, 20 percent, 33 percent, and 6 per=

cent, respectively, to the variance, explaining a total of

85 percent of the variance. Refer to Table 42.

REGRESSION OF BACKGR
SCORES ON RETENTI

Table 42

" - --= -SO .4 9JUSTED GAIN
_1 R-GROUP ONE

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

;92274
;85145

R SQUARE ;80574
ERROR ;42018

ANALYSIS OF VARIANCE

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 4 13;15553 3.28888
RESIDUAL 13 2;29521 .17655
F = 18;62815 SIGNIF F = ;0000

VARIABLES IN THE EQUATION
VARIABLE SE B BETA

-.70623 ;25726 -;32261 -2.745
AD3 -;98539 ;14842 -1;08698 -6.629
T3 -.95579 ;19193 -;81909 -4.980
AD7 .15900 ;06983 ;26936 2.277

_SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

L ;5132 ;2633 ;2173 5;720 ;029 .2633
2 AD3 ;6899 ;4625 ;3908 6;452 ;010 .1991
3 T3 ;8901 ;7922 ;7477 17.791 ;000 .3297
4 AD7 ;9227 ;8514 ;8057 18;628 ;000 .0592

Preference for listening to lectures in science classes
AD3 Adjusted Gain subscore 3
T3 Pretest subscore 3
AD7 Adjusted Gain subscore 7
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Subscore- 4 - Food Chains:

In this analysis seven variables were identified. These

included: the adjusted gain subscore 8; travel experience

to Hawaii or Alaska (students without the experience);

preference for learning in the outdoors; the eighth grade

science achievement grade; the adjusted gain subscore

(students who scored low on the pretest made the most

gains); the pretest subscore 6 (students who scored low on

the pretest made the most gains); and the adjusted gain

subscore 5. These variables contributed 29 percent, 24

percent, 12 percent, 11 percent, 8 percent, 9 percent, and

4 percent, respectively, to the variance, explaining a

total of 97 percent of the variance. Refer to Table 43.

112



94

Table 43

REGRESSION OF_BACKGROUND; PRETEST, POSTTEST,_ADjUSTED-GAIN
SCORES CN RETENTION ADJUSTED SUBSCORE 4 FOR_GROUP-ONE

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

.98610
-.97239
.95306
.29309

DF SUM OF SQUARES MEAN SQUARE
REGRESSION _7 30.25180 432169
RESIDUAL 10 .85904 .08590
F = 50.30849 SIGNIF F = .0000

VARIABLES IN THE EQUATION
VARIABLE SE B BETA

AD8 1.01267 .08844 .62388 11;450
-1.16376 .23028 -.30189 -5;054

0 2.21765 .29795 .42274 7;443
EG 1.02962 .10114 .67513 10;179
AD1 -.47644 07270 -.43487 -6.552
T6 -.59982 .09384 -.36292 -6;392
AD5 .13139 .03660 ;20811 3;589

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 AD8 .5363 .2877 .2431 6.461 .022 .2877
2 H .7242 .5245 .4611 8.272 .004 .2368
3 0 .8081 .6530 .5787 8.782 .002 .1285
4 _EG .8731 .7622 .6891 10.419 .001 .1092
5 AD1 .9168 .8404 .7740 12.642 .000 ;0784
6 _T6 .9678 .9368 .9023 27.181 .000 ;0964
7 AD5 .9861 .9724 .9531 50.308 .000 .0356

AD8 AdjUsted Gain Subscore 8! _

H Mattel experienceAHawaii or Alaska)
0 Preferende_for learning science in the outdoors
EG Eighth grade sdience achievement grade
AD1 AdjUsted Gain subscore
T6 Pretest subscorei 6
AD5 AdjUsted Gain Subscore 5

113



Subscore 5 Food Webs:

95

In this analysis five variables were identified. These

included: the adjusted gain total score (students who

scored low on the pretest made the most gains); the cumula-

tive science grade mean (students who had 3,1w means); trav-

el experience to Europe (students without the experience);

the pretest subscore 5 (students who scored low on the pre-

test made the most gains); and the adjusted gain subscore 5

(students who scored low on the pretest made the most

gains). These variables contributed 30 percent, 22 per-

cent, 14 percent, 10 percent, and 10 percent, respectively,

to the variance, explaining a total of 86 percent of the

variance. Table 44 contains the results.

114



Table 44

96

REGRESSION OF BACKGROUND; PRETEST; POSTTEST4_ADJUSTED-GAIN
SCORES ON RETENTION ADJUSTED SUBSCORE 5 FOR GROUP ONE

inf121

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

92574
;85699
81299
.84469

DF SUM OF SQUARES MEAN SQUARE
REGRESSION :4 55;58419 13;89605
RESIDUAL 13 927542 .71349
F = 19.47606 SIGNIF F = ;0000

VARIABLES IN THE EQUATION
VARIABLE SE B BETA

V .10195 03538 -.31617 -2882
=1.62085 49732 -;36137 -3;259

T5 =.77679 ;15833 -.74844 -4;906
AD5 =.83572 13994 -e91677 -5972

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 ADT .5432 ;2951 .2510 6;698 ;020 .2951
2 V ;7203 ;5189 ;4547 8;088 ;004 .2238
3 _E ;8142 ;6630 ;5908 9.181 ;001 .1441
4 _T5 .8728 ;7618 ;6885 10.395 ;001 ;0988
5 AD5 .9305 ;8657 ;8098 15;477 .000 .1039

ADT
V

T5
AD5

AdjUdted Gaiii_TötaI Score
Cumulative science grade mean
TraVel out_of theUnited States (Europe)
Pretest subscore_ 5
Adjusted Gain subscore 5

Subscore 6 - Enerqv Transfer (Food):
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In this analysis two variables were identified. The

stuaents' travel experience to Hawaii or Alaska (studentS

without the experience) accounted for 41 percent of the

varianoe and the students' positive perception of learning

that occurred in science classes (students with negative

perceptions of learning) accounted for an additional 15

percent, explaining a total of 56 percent of the variance.

Refer to Table 45 for the results of this regression analy=

sis.
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Table 45

REGRESSION OF BACKGROUND; PRETEaT-POSTTESADJUSTED GAIN
SCORES ON RETENTION ADJUSTED=SUBSCORE-6-FOR GROUP ONE

(n=294

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

.74747
;55871

R SQUARE ;49988
ERROR ;63467

ANALYSIS OF VARIANC

DF
REGRESSION 2
RESIDUAL _ 15
F = 9;49577

SUM OF SQUARES
7;64997
6;04215

SIGNIF F =.;0022

VARIABLES IN THE EQUATION
VARIABLE

MEAN SQUARE
3.F42499
.40281

SE B BETA

-1;53537 .44060 -;60037
-52572 ;23093 -;39221

SUMMARY TABLE

-3.485
-2.276

STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 H ;6374 ;4063 ;3691 10;948 ;004 .4063
2 Q 7475 ;5587 ;4999 9;496 .002 .1525

Travel experience (Hawaii or Alaska)
Positive Perception of Learning in Science

Subscore 7 - EnerQV Pyramids:

The variables in this analysis that had high simple cor=.

relations did not emerge in the regression at the .65 level

because of the adjustment for distribution and missing

data. Free regressions were conducted with these variables

and the results are reported in Table 104 in Appendix G.

Subscore 8 - Nutrient Cycles:
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The predictor variable identified in this analysis was

the adjusted gain subscore 8 (students who scored low on

the pretest made the most gains). The variance accounted

for by this variable was 29 percent. Table 46 reports the

results of this regression analysis.

Table 46

REGRESSION_OF BACKGROUND; PRETESTi POSTTESTi-=ADJUSTED=GAIN
SCORES ON RETENTION ADJUSTED SUBSCORE 8 FOR_GROUPONE

1111121

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

DF
REGRESSION _1
RESIDUAL 16
F = 6.44985

VARIABLE

;53600
;28730
24276
;78927

SUM OF SQUARES
401796
996726

SIGNIF F = ;0219

MEAN SQUARE
4;01796
;62295

VARIABLES IN THE EQUATION
SE B BETA

AD8 =.58333. 22969 -;53600 -2;540
SUMMARY TABLE

STEP VARIABLE MULTR RSQ ADJRSQ F(RQN) SIGF RSQCH

ADES .5360 2873 ;2428 6450 ;022 ;2873

AD8 Adjusted Gaih Subitdöre 8

TOtal AdiUtited Retention Score:

In this atalysiS three Variables were identified; These

included: the adjUtited gain total score (students who
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scored low on the pretest made the mast gains); the pretest

total score (students who scored low on the pretest made

the most gains); and preference for listening to lectures

in science classes (students who do not prefer lectures).

These variables contributed 44 percent, 21 percent, and 11

percent, respectively, to the variance, explaining a total

of 76 percent of the variance. Table 47 contains the

results of this regression.
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Table 47

REGRESSION OF BACKGROUNDi PRETEST; POSTTEST- LADJUSTED GAIN
SCORES ON RETENTION ADJUSTED TOTAL 5COREFOR GROUP ONE

(n=291

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

;87550
;76650
.71646

2.517:45

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 3 291.22688 97.07563
RESIDUAL 14 88.71893 6.33707
F = 15.31870 SIGNIF = .0001

VARIABLES IN THE EQUATION
VARIABLE SE B BETA

AD? -1.08446 .16204 -1.16244 -6.692
TTT -.72683 .18414 -.67232 -3.947

-3.78163 1.44999 -.34835 -2.608

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

ADT .6644 ;4415 .4065 12.646 .003 .4415
2 TTT .8081 ;6530 .6068 14.117 .000 .2116
3 .8755 .7665 .7165 15.319 .000 .1134

AD? Adjusted Gain Total score
TTT Pretest Total score

Preference for listening to lectures science classes

Group Two
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Preteat Scores against Background Variables
.

Suoscore 1 - Plant and Animal Characteristics:

Since no predictor emerged, a table is not included.

Subscore 2 Plant and Animal identification:

The variables in this analysis that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjustment for distribution and missing

data. Free regressions were conducted with these variables

and the results are reported in Table 105 ln Appendix G.

Subscate 3 - Plant and Animal Habitats:

The predictor variable identified in this analysis was

the students, cumulative grade mean (students who had a low

mean made the most gains). The variance accounted for by

this variable was 30 percent. Table 48 contains the analy-
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Table 48

REGRESSION OF BACKGROUNU=VARIABLESONPRETEST SUBSCORE 3
FOR 11,.

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 698471

.55126

.30388

.26038

.79178

DF SUM OF SQUARES
4;37884

16 10;03069
SIGNIF F = ;0177

VARIABLE

V

MEAN SQUARE
4.37884
.62692

VARIABLES IN THE EQUATION
SE H BETA

-.06365 .02408 -.55125 -2.643

SUMMARY TABLE-
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

V .5513 .3039 .2604 6.985 .018 .3039

Cumulative Science grade mean

Subscore 4 - Foodifebs:

In this analysis four variables were identified. These

included: the students' previous science grade mean; the

cumulative science grade mean (students Who had a low mean

Made the most gains); viewing of science teleVision pro-

grata; and preference for staying in a motel While Skplor-
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ing the outdoorS. The-Se variables contributed 34 percent,

28 percent, 17 perdshto and 18 percent,

the variance,

ance. Table

analysis .

respectively; to

explaining a total of 97 percent of the vari-

49 COntaihS the results of this regression

Table 49

REGRESSION-OF BACKGROUND VARIABLES ON PRETEST SUBSCORE-4
FOR GROUP TWO (n=2I)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R_SQUARE
ERROR

ANALYSIS OF VARIANCE

DF
REGRESSION 4
RESIDUAL 13
F = 141.20124

VARIABLE

PG
V_
WV
LW

.98869

.97750

.97058

.26361

SUM OF'SQUARES
39.24899

;90339
SIGNIF F = .0000

MEAN SQUARE
9.81225
.06949

VARIABLES IN THE EQUATION
SE B BETA

.24822 2.86302 18.212

.03033 -2.55526 -16.235

.19766 .58599 12.706

.29930 .80992 10.336
SUMMARY TABLE

4.52060
-.49250
2.51162
3.09347

STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

PG .5845 .3416 .3005 8.302 .011 .3416
2 V .7869 .6193 .5685 12.199 .001 .2777
3 WV .8903 .7926 .7482 17.837 .000 .1734
4 LW .9887 .9775 .9705 141.201 .000 .1849

PG
V_
WV
LW

Previous SCiehde graddAiVetage
Cumulative_Sdience_grade mean
Watched Sdiehde teleViaion programs
Preference fOr stayihg in motels while traveling
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Subscore 5 - Food Webs:

Since no predictor emerged, a table is not included.

Subscore 6 - Energy Tramafer-4Foodl:

In this analysis two variables were identified. The

desire to take additional science classes accounted for 38

percent of the variance and the students experience in

hiking in the outdoors accounted for an additional 14 per-

cent, explaining a total of 52 percent of the variance.

Table 50 contains the results.

Table 50

REGRESSION OF BACKGROUND VAR k

FOR GROUPrWO_tn=211

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

;72118
;52010
;46364
;43813

ANALYSIS OF VARIANCE

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 2 3;53667 1;76833
RESIDUAL 17 3;26333 .19196
F = 9;21197 SIGNIF F = ;0019

VARIABLES IN THE EQUATION
VARIABLE B SE B BETA

MM
HO

;43938
73999

;11637
;33451

SUMMARY TABLE

;63505
;37206

3;776
2;212

STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 MM ;6180 ;3820 ;3476 11;124 ;004 .3820
2 HO ;7212 ;5201 ;4636 9;212 ;002 .1381

MM Desire to take additional science classes
HO Hiked outdoors
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Subscore-7-- Energy Pyramids:

Since no predictor emerged, a table is not included.

Sub see r Nut r ient Cycles :

In this analysis two variables were identified. The

students' experience in making trips that were more that 50

miles away yearly accounted for 21 percent of the variance

and the students' positive perception that they had learned

in their science classes accounted for an additional 17

percent, explaining a total of 38 percent of the variance.

Refer to Table 51 for the results.
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Table i

REGRESSION OF BACKGROUND VARIABLES ON PRETEST SUBSCORE 8
FOR GROUP TWO (n=21)

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

REGRESSION
RESIDUAL
F = 5.17983

R SQUARE
ERROR

ANALYSIS OF VARIANCE

.61534

.37865
i30555
.71533

DF SUM OF SQUARES
2 5.30106

17 8.69894
SIGNIF F = i0175

VARIABLE

TM

MEAN SQUARE
2.65053
i51170

VARIABLES IN THE EQUATION

. 54082

. 70976

STEP VARIABLE MULTR

1
2

TM

SE B BETA

.21026

.33118
i49677
.41145

2588
2143

SUMMARY TABLE
RSQ ADJRSQ F(EQN) SIGF RSQCH

.4591 .2108 .1669 4.807 i042 i2108

.6153 .3786 .3055 5.180 i018 i1679

Made trips that were a distance of 50 miles or more
Pbsitive Perception of Learning in Science

Total Pretest Score:

The predictor variable that was identified in this anal-

ysis Was the students' expression of wanting to watch

science-related television programs. This variable

accounted for 28 percent of the variance. Table 52 con-

tains the results.
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REGRESSION OF BACKGROUND VARI k
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SCORE
FOR GROUP TWO__Cn=.-211

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 6;32376

53224
;28327
23848

5;14896

DF SUM OF SQUARES
167;65422

16 424;18864
SIGNIF F = ;0230

VARIABLE

MEAN SQUARE
167;65422
26;51179

VARIABLES IN THE EQUATION
SE B BETA

TV 6;13636 2;44018 ;53223 2;515

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

TV ;5322 ;2833 ;2385 6;324 ;023 ;2833

TV Watch science television programs (prefer)

Pósttest Scores against Background and Pretest Scores

Subscore I - Plant and Animal Characteristics:

The variables in this analysis that had high simple cor==

relations did not emerge in the regression at the ;05 level

because of the adjustment for distribution and missing

data; Free regressions were conducted with these variables

and the results are reported in Table 106 in Appendix G.

1 7



109

Subscores 2 through 4:

Since no predictors emerged, no tables are included.

Subscore 5 - Food Webs:

The variables in this analysis that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjustment for distribution and missing

data. Free regressions were conducted with these variables

and the results are reported in Table 107 in Appendix G.

Subscore 6 - Energy Transfer (Food):

The predictor variable identified in this analysis was

the indication of the students' sex (male students scored

low on the pretest and made the most gains). This variable

accounted for 44 percent of the variance. Table 53 pres-

ents the results.
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REGRESSION OF BACKGROUND
FOR GROUP_MIO(-n=2-1
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-ON SUBSCORE 6

MULTIPLE R
R SQUARE
ADJUSTED R SQUARE
STANDARD ERROR

ANALYSIS OF VARIANCE

66332
44000
;37000
36742

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 1 ;84857 .84857
RESIDUAL 8 1;08000 .13500
F = 6;28571 SIGNIF F = ;0365

VARIABLES IN THE EQUATION
VARIABLE

SX

SE B BETA

-;60000 ;23931 -;66332 = .507

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

SX ;6633 ;4400 ;3700 6;286 ;037 .4400

SX Students' sex

Subscore 7 - Energy Pyramids:

The predictor variable identified in this analysis was

the total score of the pretest; This variPble accounted

fOr 58 percent of the variance; Table 54 presents the

results of this regression;
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Table 54

REGRESSION OF BACKGROUND AND PRETEST SCORES_ON_SUBSCORE-7
FOR GROUP TWO (n=21)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 10;8317

;75841
;57519
;52208
;61464

DF SUM OF SQUARES
4;09203

8 3;02225
SIGNIF F = ;0110

VARIABLES IN THE EQUATION

MEAN SQUARE
4;09203

37778

VARIABLE B SE B BETA

TTT ;11428 ;03472 ;75841 3;291

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 TTT ;7584 ;5722 ;5221 10;832 ;011 ;5752

TTT Total Pretest score

Subscore 8 - Nutrient Cycles:

The prediotor variable identified by this analysis was

the students, positive expression of enjoyment with their

science Classes; This variable accounted for 65 percent of

the variance; Table 55 presents the results;
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Table 55

REGRESSION OF BACKGROUND AND PRETEST SCORES ON SUBSCORE_a
FOR GROUP TWO (n=21)

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 14.88095

.80645

.65036

.60666

.48193

DF SUM OF SQUARES
1 3.A5622
8 lid5806

SIGNIF F = .0048

VARIABLE

MEAN SQUARE
3.45622
.23226

VARIABLES IN THE EQUATION
SE B BETA

EJ .80645 .20905 .80645 3.858

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 EJ .8065 .6504 .6067 14.881 .005 .6504

EJ

the

Ehj-ptieht of Sdiende Classes

TOtal Score:

The predictOr variable idmtified in this analysis was

students' ekprOSSiOn that they enjoyed their science

ThiS Variable accounted for 66 percent of the

Table 56 presents the results of this regres-

classes.

variance.

sion.
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REGRESSION-OF_BACKGROUND-AND-PRETEST-SCORES ON TOTAL SCORE
FOR-GROUP-TWO---(41=-21)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 15;68714

.81301

.66226

.62005
1.70621

DF SUM OF SQUARES
1 45.66783
8 23.28931

SIGNIF F = ;0042

VARIABLE

MEAN SQUARE
45.66783
2.91116

VARIABLES IN THE EQUATION
SE B BETA

EJ 2;931452

STEP VARIABLE MULTR

1 EJ ;8138

74013 .813% 9 3.961

SUMMARY TABLE-
RSQ ADJRSQ F(EQN) SIGF RSQCH

.6623 .6200 15.687 .004 .6623

Enjoyment of Science Classes

Adjusted Gain Scores against Background and Pretest

Scores.

Subscore - Plant and Animal Characteristics:

The predictor variable identified in this analysis was

the pretest subscore 1 (students who scored low on the pre-

test made the most gains). This variable accounted for 43

percent of the variance. Table 57 contains the results.
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REGRESSION OF_BACKGROUND AND PRETEST RESULTS ON ADJUSTED
GAIN SUBSCORE 1 FOR GROUP TWO (r1=21)-

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

DF
REGRESSION 1
RESIDUAL
F = 6.14787

R SQUARE
ERROR

ANALYSIS OF VARIANCE

.65920

.43454

.36386

.57987

SUM OF SQUARES
2.06719
2.68996

SIGNIF F = .0381

VARIABLES IN THE EQUATION
VARIABLE

Tl =.65625

MEAN SQUARE
2;06719
;33624

SE B BETA

.26467 -.6S919 -2;479

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

Tl .6392 .4345 .3639 6.148 .038 ;4345

Tl Pretest subscore 1

Subacore 2 - Plant and Animal Identification:

In this analysis three predictor variables were identi-

fied. These included: the pretest subscore 2 (students who

scored low on the pretest made the most gains); travel

experience to South America (students without the experi-

ence); and preference for laboratory activities. These
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variables contributed to 81 percent, 9 percent, and 6 per-

cent, respectively, to the variance, explaining a total of

96 percent of the variance. Table 58 presents the results

of this regreSSion analysis.

Table 58

REGRESSION OF BACKGROUND AND PRETEST SCORES ON ADJUSTED
GAIN SUBSCORE 2 FOR GROUP TWO n=21

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

;98109
;96253
;94379
;16113

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 3 4.00137 1;33379
RESIDUAL__ 6 .15577 02596
F = 51;37566 SIGNIF F = .0001

VARIABLES IN THE EQUATION
VARIABLE SE B BETA

T2 -1.15384 .09421 -1.13586 -12;247
-1.23076 .28437 -.39517 -4;328

.57692 .18512 .25533 3;116

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

T2 .9006 .8111 .7875 34;360 ;000 ;8111
2 S .9497 .9019 .8738 32;169 ;000 ;0907
3 D .9625 .9438 .9438 51;376 ;000 ;0607

T2 Pretest_subradOre 2
Traveled out of the United States (South America)___
Preference for dding labdratory activities in science

Subsoore Plailt and Animal Habitats:
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The predictor variable identified in this analysis was

the pretest subscOre 3 (students who scored low on the pre-

test made the

this variable

results;

L

most gains). The variance accounted for by

was 58 percent.

Table 59

Refer to Table 59 for the

KGROUND AND PRETEST SCORES ON ADJUSTED
GAINSUBSCORE 3 FOR GROUP TWO (n=21)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

REGRESSION
RESIDUAL
F = 11;06824

VARIABLE

T3

R SQUARE
ERROR

ANALYSIS OF VARIANCE

.76188

.58045

.52801

.64830

DF SUM OF SQUARES
1 4.65193
8 3.36236

SIGNIF F = .0104

MEAN SQUARE
4.65193
.42029

VARIABLES IN THE EQUATION
SE B BETA

-.78089 .23472 =.76187 -3.327

SUMMARY TABLE_
STEP VARIABLE MULTR RSQ ADJRSQ

1 T3 .7619 .5805 .5280

F(EQN) SIGF RSQCH

11.068 .010 .5805

Pretest subscore 3
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Subscore 4 - Food Chains:

In this analysis three predictor variables were identi-

fied. These included: the pretest subscore 4 (students who

scored low on the pretest made the most gains); the ninth

grade average science grade; and the previous science grade

mean (students who scored low on the pretest made the most

gains). These variables contributed to 67 percent, 18 per-

cent, and 8 percent, respectively, to the variance,

explaining a total of 93 percent of the variance. Refer to

Table 60 for the results.
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'REGRESSION OF BACKGROUND AND _P
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GAIN SUBSCORE 4 FOR _GROUP"11#10_(_n=2-1-)-

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

;96495
;93113
;89670
;48743

ANALYSIS OF VARIANC

REGRESSION
RESIDUAL
F = 27;04227

DF SUM OF SQUARES
3 19;27449
6 1;42551

SIGNIF F = ;0007

VARIABLES IN THE EQUATION
VARIABLE

T4
NG
PG

-.81651
1;04696
-;83452

STEP VARIABLE MULTR

T4 .8160
2 NG ;9196
3 PG ;9650

MEAN SQUARE
6;42482

23758

SE B BETA

;13138 -;82659 -6;215
;22363 ;81272 4;682
.30584 -;53559 -2.729

SUMMARY TABLE-
RSQ ADJRSQ F(EQN) SIGF RSQCH

.6659
;8457
;9311

;6241
8016
8967

15;943
19;180
27;042

004
;001
001

;6659
;1798
;0855

T4
NG
PG

Pretest subscore 4
Ninth grade science achievement grade
Previous science achievement grade

Subscore 5 - Food Webs:

The predictor variable identified in this ana1ysi6 was

the pretest subscore 5 (students who scored low on the pre-

test made the most gains); The variance accounted for by

this variable was 79 percent; Table 61 contains the

results of this regression.
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REGRESSION=OFBACKGROUND AND PRETEST SCORES ON ADJUSTED
GAINSUBSCORE-5 FOR GROUP TWO (h=21)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

.89116

.79416
R SQUARE .76843
ERROR 1.39864

ANALYSIS OF VARIANCE

DF SUM OF SQUARES MEAN_SQUARE
REGRESSION 1 60.37897 60.37897
RESIDUAL 8 15.64960 1.95620
F = 30;86544 SIGNIF F = .0005

VARIABLES IN THE EQUATION
VARIABLE B SE B BETA T

T5 -1.58170 .28470 =.89115 5.556

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 T5 .8912 .7942 .7684 30.865 .001 .7942

Pretest subscore 5

Subscore 6:

The predictor variable identified in this analysis was

the pretest total score (students who scored low on the

pretest made the most gains). The variance accounted for

by this variable was 63 percent. Refer to Table 62 for the

results.
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Table 62

REGRESSION OF BACKGROUND AND PRETEST SCORES ON ADJUSTED
GAIN SUBSCORE 6 FOR GROUP TWO (n=2I)

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

R_SQUARE
ERROR

.79429

.63090

.58476

.40267

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 13.67426

DF SUM OF SQUARES
1 2.21716
8 1.29713

SIGNIF F = .0061

VARIABLE

TTT

MEAN SQUARE
2;21716
;16214

VARIABLES IN THE EQUATION
SE B BETA

=.08412 .02274 -.79429 -3698

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

TTT .7943 .6309 .5848 13.674 .006 .6309

TTT Pretest TOtal adeird

Subscore 7 Enerqv PvramidS:

In this ahalyeie tWo predictor variables were identi-

fied. The pretest SUbSddre 7 (Students who scored Iow on

the pretest made the MOSt gains) accounted for 98 percent

of the variance and the pretest subscore 1 (students who

scored low on the pretdet Made the most gains) accounted

139-



for an additional 1 percent of the variance,

tOtal of 99 percent of the variance.

the results.

Table 63

121

explaining a

Refer to Table 63 for

REGRESSION OF BACKGROUND AND PRETEST SCORESONADJUSTED
GAIN SUBSCORE 7 FOR GROUP TWO 011=214

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

.99718

.99436

.99275

.14620

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 2 26.37896 13.18948
RESIDUAL 7 .14961 .02137
F = 617.10971

VARIABLES

SIGNIF

IN THE
SE B

F = .0000

EQUATION
VARIABLE BETA

T7 -1.00413 .02870 -1.01257 -34;978
T1 -.24912 .06805 -.10596 -3.661

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 T7 .9917 .9836 .9815 478.759 .000 ;9836
2 T1 .9972 .9944 .9927 617.110 .000 .0108

T7 Pretest subscore 7
T1 Pretest subscore 1

SUbSOOre 8 - Nutrient Cvcles:
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The predictor variable identified in thiS analysis was

the students' seventh grade science achievement grade. The

variance accounted for by this variable was 41 percent.

The results are presented in Table 64.

k .II1_ k

Table 64

-AND-PRETEST SCORES ON ADJUSTED
ROUP TWO (h=21)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

DF
REGRESSION 1
RESIDUAL 8
F = 5.66449

VARIABLE

R SQUARE
ERROR

ANALYSIS OF VARIANCE

. 64385

.41454

. 34136

.69498

SUM OF SQUARES
2.73597
3.86403

SIGNIF F = .0445

MEAN SQUARE
2.73597
.48300

VARIABLES IN THE EQUATION

SG ;649517

STEP VARIABLE MULTR

1 SG ;6438

SE H BETA

.27290 .64384 2.380

SUMMARY TABLE
RSQ ADJRSQ F(EQN) SIGF RSQCH

.4145 .3414 5.664 .045 .4145

SG Seventh grade science achievement grade

Total_Adtmsted-Galn-Scoret

In this analysis two predictor variables

fied. The pretest total score (students who

141
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the pretest made the most gains) accounted for 78 percent

Of the variance and the students' expression of enjoyment

of their science classes accounted for an additional 13

percent of the variancei explaining a total of 91 percent

of the variance. Refer to Table 65 for the results;

Table 65

REGRESSION OF BACKGROUND AND PRETEST SCORES=._ON_TOTAL
ADJUSTED SCORE FOR GROUP TWO (n=211

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

;95547
;91293
;88805

1;62753

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 2 194;41523 97;20762
RESIDUAL 7 18;54191 2;64884
F = 36.69812 SIGNIF F = ;0002

VARIABLES IN THE EQUATION
VARIABLE SE B BETA

TTT =486475 ;10104 -1.04892 -8;560
EJ 2.50117 ;77571 .39511 3;224

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 TTT .8852 ;7836 ;7566 28;972 ;001 ;7836
2 EJ .9555 ;9129 ;8881 36;698 ;000 ;1293

TTT Preteat Total score
EJ Enjoyment of Science classes
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Adjusted Retention Gain Scores against Background; Pretest;

Posttest; and Adjusted Gain Scores

z e '. .1 ;. rActerist Cat

Since no predictor emerged, a table is not included.

; _ .; e ' .1 Identification:

The predictor variable identified in thiS analysis was

the students' positive attitudes toward taking nature

hikes. The variance accounted for by this variable was 48

percent. Refer to Table 66 for the results.
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Table 66

REGRESSION OF BACKGROUND4 PRETEST, P. _ -0 -AIN
SCORES ON ADJUSTED RETENTION SUBSCORE_2_FOR-GROUP-TWO

(n=21)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

;68920
;47500
;40938
.16771

DF SUM OF SQUARES
REGRESSION I 20357
RESIDUAL' _ 8 ;22500
F = 7;23810 SIGNIF F = ;0275

VARIABLE

NH

MEAN SQUARE
.20357
.02812

VARIABLES IN THE EQUATION
SE B BETA

50000 ;18584 ;68920 2;690

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 NH*_;6892 ;4750 ;4094 7;238 ;027 ;4750

NH DeSire to take nature hikes

Subscore 3 - Plant and Animal Habitats:

Since no predictor variable was identified, no table is

Subscore 4 - Food Chains:

Since no predictor variable was identified, no table is

included.
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Subscore 5 -_Food_Webs:

The predictor variable identified was the adjusted gain

score 5 (students who scored low on the pretest made the

most gains); The variance accounted for by this variable

was 42 percent; Refer to Table 67 for the results of this

regression analysis;

Table 67

REGRESSION OF BACKGROUND.A;LRRwmArP- Dr1Qm""Qm ADJUSTED GAIN
SCORES ON RETENT a -eR GROUP TWO

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 5;74149

64539
41782
34505
;93948

DF SUM OF SQUARES
1 5;06758
8 7;06099

SIGNIF F = ;0434

VARIABLE

AD5

MEAN SQUARE
5.06758
.88262

VARIABLES IN THE EQUATION
SE B BETA

-.25817 .10774 -.64639 -2.396

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

AD5 ;6464 ;4178 ;3450 5;741 .043 .4178

AD5 Adjusted Gain subscore 5

Subscore 6 - Energy Transfer_fFoodl:
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In this analysis tWo Variables were identified. The

students' travel eXperiende to South America (students

without the experiente) addounted for 65 percent of the

variance and the adjUSted gain subscore 6 (students who

scored low on the preteSt '- the most gains) accounted

for an additional 18 peident of the variance, explaining a

total of 83 percent of the Variance. Table 68 reports

these results.

Table 68

REGRESS-It:MOP BACKGROUND4 PRETEST, POSTTEST, ADJUSTED GAIN
SCORES-ON-RETENTION ADJUSTED_SUBSCORE 6 FOR GROUP TWO

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 17.79032

.91411

.83561

.78864

.23528

DF SUM OF SQUARES
2 1.96964
7 .38750

SIGNIF F = .0018

VARIABLE

AD6

MEAN SQUARE
.98482
.05536

VARIABLES IN THE EQUATION
SE B BETA

-1.61111
-.36111

STEP VARIABLE MULTR

.37430 -.68698
a3011 -.44092

- 4.304
- 2.763

SUMMARY TABLE
RSQ ADJRSQ F(EQN) SIGF RSQCH

1 S .8102 .6564 .6134 15.280 .004 .6564
2 AD6 .9141 .8356 .7886 17.790 .002 .1792

S Travel experiente (SOUth America)
AD6 Adjusted Gain store 6
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Subscore-7---Energv-Pvramids:

The predictor variable identified in this analysis was

the adjusted gain subscore 5.

by this variable was

The variance accounted for

48 percent.

results of this regression analysis.

Table 69

Table 69 reports the

REGRESSION-OF-BACKGROUNDTEST, POSTTESTI_ ADJUSTED GAIN
SCORES-ON-RETENTION-ADJUSTEUiSUBSCORE 7 FOR GROUP TWO

Tn=2-11

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 7;25400

.68960

.47555

.40999
1.19350

DF SuM OF SQUARES
1 4.01796
8 9.96726

SIGNIF F = .0274

VARIABLES IN THE EQUATION
VARIABLE

AD5 ;36865

STEP VARIABLE MULTR

1 AD5 .6896

MEAN SQUARE
4.01796
.62295

SE B BETA

.13687 .68960 2.693
SUMMARY TABLE
RSQ ADJRSQ F(EQN) SIGF RSQCH

.4755 .4100 7.254 .027 .4755

AD5 Adjusted Gain subscore 5

ted Retention score:

The variables in this analysis that had high simple cor-

relations did not emerge in the regression at the .05 level
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because of the adjustment for distribution and missing

data. Free regressions were conducted with these variables

and the results are reported in Table 108 in the Appendix

G.

gromp Three

Pretest Scores against Background Variables

Subscore I - Plant and Animal_Characteristics:

The variables in this analysis that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjustment for distribution and missing

data. Free regressions were conducted with these variables

and the results are reported in Table 109 in Appendix G.

Subscore 2 - Plant and Animal Idev-Atication:

The predictor variable identified in this analysis was

the students' travel experience to South America (students

without the experience). The variance accounted for by

this variable was 27 percent. Refer 'co Table 70 for the

results.
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Table 70

REGRESSION OF BACKGROUND-VARIABLES-ON-PRETEST SUBSCORE 2
FOR_GROUP_THREE--(41=291-

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

.51675
;26653
;23832
;63362

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 9.44796

DF SUM OF SQUARES
3;79313

26 10;43839
SIGNIF F = ;0049

VARIABLE

MEAN SQUARE
3.79313
.40148

VARIABLES IN THE EQUATION
SE B BETA

-.97500 .31720 -.51626 -3.074

SUMMARY TABLE,
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

S .5163 ;2665 ;2383 9.448 .005 .2665

Travel out of the United States (South America)

Subscore 3 - Plant and AnimalHabltats:

The predictor variable that emerged in this analysis was

the students' eleventh grade science achievement mean (stu-

dents who scored low on the pretest made the most gains).

The variance accounted for by this variable was 29 percent.

Table 71 presents the results.
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Table 71

REGRESSION OF BACKGROUND_VARIABLES ON_PRETEST SUBSCORE 3
FOR GROUP THREE (h=29)

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

R_SQUARE
ERROR

.54265

.29447

.25528

.40631

ANALYSIS OF VARIANCE

DF SUM OF SQUARES
REGRESSION _1 1.24027
RESIDUAL 18 2.97155
F = 7.51287 SIGNIF F = .0134

VARIABLES IN THE EQUATION
VARIABLE B SE B BETA

EZ =.28803 .10508

MEAN SQUARE
1.24027
.16509

-.54265 -2.741

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

EZ .5427 .2945 .2553 7.513 .013 .2945

EZ Eleventh grade science achievement mean

Subscore 4 - Food Chains:

The predictor variable' identified in this analysis was

the students, positive perception that they did learn in

their science classes. The variance accounted for by this

variable was 15 percent. Refer to Table 72 for the

results.
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Table 72

IABLES ON PRETEST SUBSCORE 4
FOR GROUPYRKEE-01=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

. 38369

. 14722

.11442

. 47857

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 1 1.02798 1.02798
RESIDUAL 26 5.95478 .22903
F = 4.48842 SIGNIF F = .0438

VARIABLES IN THE EQUATION
VARIABLE SE B BETA

.44805 .211486 .38368 2.119

SUMMARY TABLE-
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 Q .3837 .1472 .1144 4.488 .044 .1472

Perception of Learning in Science

Subscore _5 =FoodWebs:

The predictor variable identified in this analysis was

the students' desire to take additional science classes.

The variance accounted for by this variable was 14 percent.

Refer to Table 73 for the results.
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REGRESSION OF BACKGROUND VARIABLES ON PRETEST SUBSCORE_S
FOR GROUP THREE (n=29)

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

.37513

.14072

.10767
1.53424

DF SUM OF SQUARES
REGRESSION 1 10.02261
RESIDUAL 26 61.20153
F = 4.25786 SIGNIF F = .0492

MEAN SQUARE
10.02261
2.35391

VARIABLES IN THE EQUATION
VARIABLE B SE B BETA

MM .67496 .32710 .37512 2063.

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

MM .3751 .1407 .1077 4.258 .049 .1407

MM Desire to take additional science classes

Subscore 6 - Energy Transfer (Food):

The variables in this analysis that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjustment

data. Free regressions were

and the results are reported

for distribution and missing

conducted with these variables

in Table 110 in Appendix G.

Subscore 7 - Energy Pyramids:
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The variables in this analysis that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjustment for distribution and missing

data. Free regreselons were conducted with these variables

and the results are reported in Table 111 in Appendix G.

Subscore__8=-Nutrient__Cvales

The predictor variable identified in this analysis was

the students' travel experience to Canada. The variance

accounted for by this variable was 29 percent. Refer to

Table 74 for the results of this analysis.
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Table 74

REGRESSION OF BACKGROUND VARIABLES:-
FOR GROUP THREE (n=2_91-

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

;53933
.29088
.24917
;58492

ANKLYSIS OF VARIANCE

DF SUM OF SQUARES
REGRESSION I 2.38581
RESIDUAL'i_ 17 5.81617
F = 6.97344 SIGNIF F = .0172

VARIABLE
VARIABLES IN THE EQUATION-

.75263

MEAN SQUARE
2.38581
.34213

SE B BETA

28500

SUMMARY TABLE

.53933 2;641

STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 C .5393 .2909 .2492 6.973 .017 ;2909

C Travel out of the United States (Canada)

TOtal Score:

The predictor variable

the students' ninth grade

variance accounted for by

identified in this analysis was

science achievement grade. The

this variable was 44 percent.

Table 75 contains the results of this analysis.
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-PRETEST TOTAL SCORE
FOR-GROUP-THREE(n=-29-)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

.66427

.44125
R SQUARE .39469
ERROR 4.24665

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 9.47659

DF SUM OF SQUARES
1 170;90152

12 216;40882
SIGNIF F = .0096

VARIABLES IN THE EQUATION
VARIABLE

TTT

MEAN SQUARE
170.90152
18.03407

SE B BETA

4.62197 1;50141 .66426

UMMARY TABLE

3.078

STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 TTT ;6643 ;4413 ;3947 9.477 .010 .4413

TTT Pretest total score

Posttest Scores Against Background and Pretest Scores

Subscores 1 and 2:

Since no predictor variables emerged in these analyses,

tables are not included.

Subscore 3 - Pla - a A I.

In this analysis two variables were identified. The

students' eleventh grade science achievement mean (students
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who had lor means made the most gains) accounted for 29

percent of

stayinc in

not prefer

the variance and the students' preference for

a tent while in the outdoors (students who did

tents) accounted fOr an additional 21 percent;

explaining a total of 50 percent of the variance. Refer to

Table 76 for the results.

k

Table 76

-'1.111 AND PRETEST_ SCORES_ON POSTTEST
SUBSCORE 3 FOR GROUP THREE (n=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

.70699

.49983

.43731

.35318

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 7;99467

DF SUM OF SQUARES MEAN SQUARE
2 1.99441 .99720

16 1.99574 ;12473
SIGNIF F = .0039

VARIABLE

EZ
LZ

VARIABLES IN THE EQUATION
SE B BETA

-;25416
-;43634

.09477

.17024
=.47884
=.45763

-2.682
-2.563

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1
2

EZ ;5427
LZ ;7070

.2945 .2530 7.095 .016 .2945

.4373 .4373 7.995 .004 .2054

EZ Eleventh grade science achievement mean
LZ Preference to stay in tent while traveling
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Subscore 4 - Food Chalns:

The predictor variable identified in this analysis was

the students' cumulative science achievement mean (students

who had low means made the most gains); The variance

accounted for by this variable was 24 percent; Table 77

contains the results of this analysis;

Table 77

REGRESSION OF BACKGROUND AND PRETEST=SCORES-ON-POSTTEST
SUBSCORE 4 FOR GROUP_THREE__Cn29-1

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

;48805
23820
;19338
;45674

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 5;31543

VARIABLE

DF SUM OF SQUARES
1;10884

17 3;54633
SIGNIF F = ;0340

MEAN SQUARE
1;10884

20861

VARIABLES IN THE EQUATION
SE B BETA

-04147 ;01798 -;48805

SUMMARY TA9LE

-2;306

STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 V ;4881 ;2382 ;1934 5.315 ;034 ;2382

V Cumulative science achievement mean

Subscore 5 - Food Webs:
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The predictor variable identified in this analysis was

the tel pretest score. The variance accounted for by

this variable was 37 percent.

results.

REGRE

Table 78

l ._!'111,kM

Refer to Table 78 for the

PRETEST SCORES_ON POSTTEST
SUBSCORESFORGROUP-THREE (n=29)

MULTIPLE R
R SQUARE
ADJUSTED R SQUARE
STANDARD ERROR

ANALYSIS OF VARIANCE

DF
REGRESSION 1
RESIDUAL 17
F = 10.05415

.60962

.37163

.33467

.62974

SUM OF SQUARES
3.98725
6.74182

SIGNIF F = .0056

VARIABLES IN THE EQUATION
VARIABLE

TTT ;08622

STEP VARIABLE MULTR

1 TTT ;6096

MEAN__SQUARE
3.98725
.39658

SE B BETA

.02719 .60961 3.171

SUMMARY TABLE
RSQ ADJRSQ F(EQN) SIGF RSQCH

.3716 .3347 10.054 .006 .3716

TTT Pretest Total score

Subscova 6 - Enerinairis:fiar (Food)i
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The predictor variable identified in this analysis was

the students' preference for doing 'Atdoor investigation in

their science classes. The variance accounted for by this

variable was 23 percent. Table 79 contains the results.

Table 79

REGRESSION OF BACKGROUND AND PRETEST SCORES_ONPOSTTEST
SUBSCORE 6 FOR GROUP l'HREEAn=291_

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

.47546

.22606

.18053

.60609

DF SUM OF SQUARES
REGRESSION 1 1.82407
RESIDUAL__ 17 6.24490
F = 4.96552 SIGNIF F = .0396

MEAN SQUARE
1;32407

36735

VARIABLES IN THE EQUATION
SE B BETAVARIABLE

0 1.71428 ;76930 .47545 2;223

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 0 .4755 .2261 ;1805 4.966 ;040 ;2261

0 Prefer outdoor investigations in science classes

Subscore 7 - Enerqv Pyramids:
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Since no variable emerged in this analysis, a table is

not included.

Subscore _8_-__Nuterlent-Cycles:

The variables in this analysis that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjustment for distribution and missing

data. Free regressions were conducted with these variables

and the results are repol-ted in Table 112 in the Appendix

Gi

Total Score:

The predictor variable identified in this analysis was

the pretest total score. The variance accounted for by

this variable was 35 percent. The results of this regres-

sion are presented in Table 80.
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Table 80

REGRESSION OF BACKGROUND AND PRETEST SCORES=ONPOSTTEST
TOTAL SCORE FOR GROUP THREE (n=29)_

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

.59018

.34831

.30997
1.67612

DF SUM OF SQUARES
REGR8SSION 1 25.52604
RESIDUAL__ 17 47.75967
F 9.08596 SIGNIF F = .0078

MEAN SQUARE
25.52604
2.80939

VARIABLES IN THE EQUATION
VARIABLE

TTT

B

.21817

SE B BETA

.07237

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ

.59017 3.014

F(EQN) SIGF RSQCH

1 TTT .5902 .3483 .3100 9.086 .00t .3483

ETT Pretest Total score

Adjusted Gain Scores against Background and Pretest Scores

Subscre 1 - Plant and Animal Characteristics:

In thj.s analysis two variables were identified; The

pretest stibscore I (students who scored low on the pretest

made the mast gains) accounted for 61 percent of the vari-

nce and the students travel experience to Canada (stu-

dents without the experience) accounted for an additional
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II percent; explaining a total of 72 percent of the vari-

ance; Refer to Table 81 for the results;

Table 81

REGRESSION OF BACKGROUND ANDL=PRETEST SCORES ON ADJUSTED
GAIN SUBSCORE 1 FOR GROUP THREE (n=29)

MULTIPLE R
R SQUARE
ADJUSTED R SQUARE
STANDARD ERROR

OP VARIANCE

;85034
;72308
;68847
;50625

DF 'A;Jti 02 SQUARES MEAN SQUARE
REGRESSION 10;70733 5.35366
RESIDUAL l'; 4;10055 ;25628
F = 20;8895 SIGNI7? F ;000

VARIABLES IN THE EQUATTON
VARIABLE B SE E BETA

T1 -1;05825 ;16460 -;88577 -6;429
-1;71359 ;67294 -;35083 -2;546

SUMMARY TABLE-
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

TI ;7816 ;6109 ;5880 26;686 ;000 ;6109
2 C ;8503 ;7231 ;6885 20;890 ;000 ;1122

TI Pretest Subscore
Travel out of the United States (Canada)

Subscore 2 - Plant and Animad_IdentlfIcation:

In this analysis four variables were identified. These

included: the pretest subscore 2 (students who scored low
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on the pretest made the most gains); preference for working

in groups in science classes; the total years of science

classes taken at the secondary level; and preference for

listening to lectures in science classes. These variables

contributed 93 percent, 2 percent, 1 percent, and 1 per-

cent, respectively, to the variance, explaining a total of

97 percent of the variance. Table 82 contains the results.
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Table 82

REGRESSION OF BACKGROUND AND PRETEST RESULTSL_ON_ADJUSTED
GAIN SUBSCORE 2 FOR GROUP THREE An_=291_

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

.98764

.97544
R SQUARE .96842
ERROR .13140

ANALYSIS OF VARIANCE

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 4
RESIDUAL 14
F = 139.01457

VARIABLES

9.60065
;24172

SIGNIF F = .0000

IN THE EQUATION
SE B

2.40016
.01727

VARIABLE B BETA T

T2 -.97579 ;04350 -.958048 -22;431
.43240 ;10858 ;181237 3982

TT .08325 ;03221 ;109260 2.584
.17768 ;08211 .099060 2.164

SUMMARY TEBLE
STEP VARIABLE MULTR RSQ ADdian F(EQN) SIGF RSQCH

1 T2 .9681 .9371 .9334 253.384 .000 ;9371
2 AN .9780 .9565 ;9510 175.724 ;000 .0193
3 TT .9835 .9672 .9607 147.570 .000 .0108
4 L .9876 .9754 ;9684 139.015 ;000 ;0082

T2 PreteSt subscore 2
W_ Preference for working in groups in science classes
TT Total years of science (at secondary level)

Preference for listening to lectures in science classes

Subscore 3 - Plant and Animal Habitats:

Three variables were identified in this analysis. These

included: the pretest subscore 3 (students who scored low

on the pretest made the most gains); the eleventh grade

science achievement mean (students with low means made the
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most gains); and preference for staying in tents while

exploring the outdoors (students who did not prefer tents).

These variables contributed 77 percent, 6 percent, and 5

percent, respectively, to the variance, explaining a total

Refer to Table 83 for theof 88 percent of the variance;

results;

Table 83

REGRESSION OF BACKGROUND AND-
GAIN SUBSCORE 3 FOR_GlIOUP-AUHUDE,Om=291

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

;93925
88219
;85863
36803

DF SUM OF SQUARES MEAN SQUARE
REGRESSION 3 15;21458 5;07153
RrSIDUAL 15 2;03173 13545
F = 3744249 SIGNIF F = ;0000

VARIABLES IN THE EQUATION
VARIABLE SE B BETA

T3 -1.01290 ;10313 -;87154 -9;821
EZ -.24811 ;09886 -22484 -2;510
LZ -.43831 ;17746 -;22111 -2;470

SUMMARY TAB73
STET:; VA'RIABLE MULTR RSQ ADOQ F(EQN) SIGF RSQCH

1 T3 .8769 ;7689 7553 56;564 ;000 ;7689
2 EZ .9134 8343 ;8136 40;276 ;000 ;0654
3 LZ .9393 ;8822 ;8586 37;442 ;000 ;0479

T3
EZ
LZ

Pretest subscore 3
Eleventh grade science achievement mean
Preference for staying in tents while traveling
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Subscora-4- Food ChainS:

In this analysis two variables were identified. The

pretest subscore 4 (StudentS who scored low on the pretest

made the most gains) accounted for 92 percent of the vari-

ance and the students' cumulative science grade mean (stu-

dents with low means made the most gains) accounted for an

additional 2 percent, explaining a toted of 94 percent of

the variance. Refer to Table 84 for the results.
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CORES- ON ADJUSTED
An=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

.97105

.94295

.93581

.46129

ANALYSIS OF VARIANCE

DF
REGRESSION 2
RESIDUAL 16
F = 112.21838

VARIABLE

T4

SUM OF SQUARES
56.27019
3;40406

SIGNIF F = .0000

MEAN SQUARE
28.13510

.21279

VARIABLES IN THE EQUATION
SE B BETA

-.92723 .06097 -.93033 -15.208
-.04315 .01861 -.14185 -2.319

STEP VARIABLE

1
2

T4

SUMMARY TABLE-
MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

;9611 .9238 ;9193 206.017 ;000 .9238
.9711 ;9358 ;9358 132.218 ;000 -'192

T4
V

Pretest subscore 4
Cumulative Science grade mean

Subscore 5 - Food_Webs:

In this analysis two variables were identified. The

pretest subsc3re 5 (students who scored low on the pretest

made the most gains) accounted for 76 percent of the vari-

ance and the pr_test subscore 3 accounted for an additional

7 percent, explaining a total of 83 percent of the vari-

ance. Table 85 contains the results.
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Table 85

REGRESSION OF_BACKGROUND AND_PRETEST SCORES ON ADJUSTED
GAIN SUBSCORE 5 FOR GROUP THREE (r=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

DF
REGRESSION 2
RESIDUAL 16
F = 37.87828

VARIABLE

T5
T3

.90864

.82563

.80383

.62637

JM OF_SQUARES
29.72252
6,27774_

SIGNIF F = .0000

MEAN SQUARE
14.86126

,39234

VARIABLES IN THE EQUATION
SE B BETA

=.83963
.44762

.09667 =.92990

.17978 .26658
-8.685
2.490

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

T5 .8707 .7581 .7438 53.268 .000 .7581
2 T3 .9086 .8023 .8038 37.878 .000 .0676

T5 Pretest subscore 5
T3 Pretes* subscore 3

Subscore 6 Energv Transfer (Food):

The predictor variable identified in this analysis was

the pretest subscore 6 (students who scored low on the pre-

test made the most gains). This variable accounted for 33

percent of the variance. Table 86 contains the results.
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Table 86

REGRESSION OF BACKGROUND AND PRETEST SCORES ON ADJUSTED
GAIN SUBSCORE 6 FOR GROUP THREE (n=29)

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

R_SQUARE
ERROR

ANALYSIS OF VARIANCE

DF
REGRESSION 1
RESIDUAL 17
F 8.52745

VARIABLE

T6

.57797

.33405

.29488

.63065

SUM OF SQUARES
3'39152
6.76119

SIGNIF F = .0095

MEAN SQUARE
3.39152
.39772

VARIABLES IN THE EQUATION
SE B BETA

=.61691 .21125 -.57797 920

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) S1GF RSQCH

T6 .5780 .3341 .2949 8.527 .010 .3341

T6 Pretest subscore 6

Subscore 7 - Energy Pyramids:

In this analysis two predictors were identified. The

pretest subecore 7 (etudents who scored low on the pretest

made the most gains) accounted for 91 percent of the vari-

ance and preference for staying in travel trailers while

exploring the outdoors (students who did not prefer travel
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trailers) accounted for an additional 3 percent, explaining

a total of 94 percent of the variance.

the results.

Table 87

Table 87 COtitditi

REGRESSION OF BACKGROUND AND-_-_PRWELST-SCORES-ON-ADJUSTED
GAINS SCORE 7 FOR GROUP_THREE_(n=29-)-

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

DF
REGRESSION 2
RESIDUAL 16
F = 12065967

VARIABLE

TI
LZ

;96841
;93782
;93005
;48708

SUM OF SQUARES
57;25325
3;79602

SIGNIF F = ;0000

MEAN SQUARE
28.62662

.23725

VARIABLES IN THE EQUATION
SE B BETA

-92023 ;05923 -;98229
-1.21289 ;45158 -;16983

-15;534
-2.686

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF LSQCH

1 T7 ;9538 ;9098 ;9094 171;440 ;000 ;9098
2 LZ ;9684 ;9378 ;9300 120;660 ;000 .0280

T7 Pretest subscore 7
LZ Preference for staying in travel trailers

SübscOr 8 - Nutrient Cycles:
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The predictor variable identified in this regression was

the preteSr subscore 8 (students who scored low on the pre-

t eSt made the most gains). The variance accounted for by

hiS variable was 75 percent. The results to this analysis

are found in Table 88.

Table 88

REGRESSION OF_BACKGROUND AND PRETEST SCORES ON ADJUSTED
GAIN SCORE 8 FOR GROUP THREE (n=29)

MULTIPLE
R_SQUARE
ADJUSTED
STANDARD

RLSQUARE
ERROR

.86542

.74895

.73419

.49018

ANALYSIS OF VARIANCE

DF
REGRESSION 1
RESIDUAL 17
F = 50.71675

VARIABLE

T8

SUM OF1SQUARES
12.18619
4.08475_

SIGNIF F = .0000

MEAN SQUARE
12.18619

.24028

VARIABLES IN THE EQUATION
SE B BETA

=1.21891 .177115 -.86542 -7i122

SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

T8 .8654 .7490 .7342 50.717 .000 .7490

T8 Pretest sUbSCOte 8

Total AdJusted Gain Score:
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The predictor variable identified in this analysis was

the pretest total score (students who scored low on the

pretest made the mos+- gains).

by this variable was 86 percent.

in Table 89.

Table 89

The variance accounted for

The results are presented

REGRESSION OF BACKGROUND AND PRETEST_SCORES-ON-ADJUSTED
TOTAL SCORE FOR GROUP _ONE_(472-9)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

DF
REGRESSION
RESIDUAL_ 17
F -= 103474357

VARIABLE

TTT

.92693

.85921

.85092
1.82080

SUM OF SQUARES
343.94048
56.36001

SIGNIF F = .0000

MEAN SQUARE
343.94048

3.31529

VARIABLES IN THE EQUATION-
S SE B BETA

-.80084 .07862 -.92693 -10.185

SUMMARY TABLE_
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

1 TTT .9269 .8592 .8509 103.744 .000 .8592

TTT Total Pretest Score
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Adjusted Retention Gain Score8 against Background, Pretest,

Posttest, and Adjusted Gain Scores

Subscore 1 Plant-and Animal Characteristics:

The predictr vr.lriable identified in this analysis was

the adjusted gain subscore 5. The variance accounted for

by this variable was 23 percent. Table 90 contains the

results of this analysis.

k _1_

Table- 90

PRETESTI_POSTTESTi ADJUSTED GAIN
ENTION SUBSCORE 1 FOR GROUP THREE

411.--29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

ANALYSIS OF VARIANCE

REGRESSION
RESIDUAL
F = 5;18947

.48360

.23387

.18880

.65846

DF SUM OF SQUARES
1_ 2.25000
17 7.37069

SIGNIF F --- .0359

VARIABLES IN THE EQUATION
VARIABLE

MEAN_SQUARE
2.25000
.43357

SE B BETA

AD5 ;25000 ;10974 .4836C 2.278

--SUMMARY TABLE
STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSOCH

1 AD5 ;4836 .2339 .1888 5.189 .036 .2339

AD5 Adjusted Gain subscore 5
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The variables in this analysis that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjustment for distribution and missing

data. Free regressions were conducted with these variables

and the results are reported in Table 113 in Appendix G.

Subscore 3 Plant and Anlma/_Babltats:

The predictor variable identified was the pretest subs-

core I (students who scored low on the pretest made the

most gains). This variable accounted for 25 percent of the

variance. Refer to Table 91 for the results.



Table 91

REGRESSION OF BACKGROUND
SCOREE Ni RETENTICN ADJ
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,-ADJUSTED_GAIN
R GROUP THREE

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R SQUARE
ERROR

49623
24624
20190
;61913

ANALYSIS OF VARIANCE

DF
REGRESSION 1
RESIDUAL 17
F = 5;55364

SUM OF SQUARES
2.12884
6.51648

SIGNIF F = ;0307

MEAN SQUARE
2.12884
.38332

VARIABLES IN THE EQUATION
SE B -BETA

-45299 ;19222 -;49622

SUMMARY TABLE

VARIABLE

TI -2.357

STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIG7 RSQCH

TI

T1 Pretest subscore 1

;4962 ;2462 ;2019 5;554 .031 .2462

Subscore 4 - Food Chains:

In this analysis four variables were identified. TheSe

included: the adjueted gain subscore 7 (students who

scored low on the pretest made the most gains); the pretest

subscore 8 (students who scored low on the pretest made the

most gains); the cumulative science grade mean; and prefer-

ence for listening to Ieccures in science classes. These

variables contributed to 26 percent, 17 percent, 21 per
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respee to the variance;

explaining a total of 73 percenc of the

reports these results.

Table 92

variance. Table 92

REGRESSION OF BACKGROUND,___PRETEST; POSTTEST; ADJUSTED GAIN
SCORES-ON RETENTION ADJUSTED_SUBSCORE 4 FOR GROUP THREE

(n=29)

MULTIPLE
R SQUARE
ADJUSTED
STANDARD

R_SQUARE
ERROR

ANALYSIS OF VARIANCE

.85649

.73357

.65745

.42393

DF SUM OF SQUARES MEAN SQUARE
REGR7SSION 4 6.92735 1;73184
RESIDUAL 14 2.51600 ;17971
F = 9.63663

VARIABLE

SIGNIF F = .0006

VARIABLES IN THE EQUATION
SE B BETA

AD7 =.17007 .05703 -.4?243 -2.982
T8 =.59301 .15653 -.55266 -3;788
V .05906 .01785 .48806 3;308

.55465 .24727 .31569 2.243
SUMMARY TABLE

STEP VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH

A07 5115 .2616 .2182 6.023 ;025 ;2616
2 T8 .6560 .4303 .3591 6.043 .0II .1687
3 V .7986 .6378 .5654 8.805 .001 .2075
4 L .8565 .7336 .6574 9.637 .001 .0958

AD7 Adjusted Gait sUbsdOté 7
T8 Pretest_subscore 8 _

V Cumulati7e sciende aChilwement mean
Preference fOr listeriihq to lectures in science classes
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Subscore 5 - FoodWebs:

The variables in this analysis that had high simple cor-

relations did not emerge In the regression at the .05 level

because of the adjustment for distribution and missing

data. Free regiessions were conducted with these variables

and the results are repor ed in Table 114 in Appendix G.

Subscore 6 - E al 000

The variables in this analysis that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjustment for distribution and missing

data. Free regressions were conducted with these variables

and the results are ieported in Table 115 in Appendix G.

Subscore I - Energy Pvrami_s:

Since no predictor emerged, a table is not included.

Subscore 8 - Nutrt.t Cycles:

The variables in this analysis that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjustment for distribution and missing

data. Free regressions were conducted with these variables

and the results are reported in Table 116 in Appendix G.

Total Score:

The variables in this analysis that had high simple cor-

relations did not emerge in the regression at the .05 level

because of the adjustment for distribution and missing

data. Free regressions were conducted with these variables

and the results are reported in Table 117 in Appendix G.
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Regression Summaries of Major Predictors

Comparative summaries of the major predictor of each

subscore for the three groups are presented in Tables 93

through 96. Only the major predictor that emerged is spec-

ified in these tables. The other variables that accounted

significantly for the variance in each of the subscores

and/or total score are reported in Tables 18 through 92.

Table 93 indicates that no common background variable

for all the groups emerged on any of the subscores or total

score for pretest scores. Common patterns for two of the

three groups were found in subscore 4 which was the posi-

tive perception of learning in scientc (Q), in subscore 6

was the desire to take additional science classes (MM), and

in subscore 8 which was travel distance (TM). The variance

explained by the individual variables ranged from 12 per-

.ent to 44 percent with a mean of 24 percent.

Table 94 indicates that no common background variable or

pretest score for an the groups emerged on any of the

subscores or total score for posttest scores. The most

consistent predictors were those related to the pretest.

If the posttest had not had a low ceiling, the pretest

might have been a stronger predictor. Several of the stu-

dents in each group with high scores on the pretest had

little room to increase their scores.
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Table 95 reveals a consistent pattern of pretest scores

that emerged as major predictors for the individual concept

strands on adjusted gain scores. Not only did the pretest

scores relate to adjusted gains but consistently did with a

high amount of explained variance. The variance accounted

for by pretest scores ranged from 33 percent to 98 percent

with a mean of 63 percent of the variance. Those students

- had lower scores made the greatest gains. This is evi-

dence that the instruction was generally effective.

Table 96 indicates that no common variables emerged on

any subscores or total sr:ore. However, pretest and adjust-

ed gain scores appeared more frequently than background

variables (accounting for a mean variance of 30 percent)

and indicated that the students who had scored low on the

pretest achieved the greatest gains in the posttest and

showed eviden::e of retention in the delayed testing.



161

Table 93

BACKGROUND VARIABLES ON PRETEST SCORES

SCORE GROUP VARIABLE MULTR RSQ ADJRSQ

1 one (n=29) no predictor
1 two (n=21I no predictor

throe (n=29) EZ .3703 .1371 .0863 * -

2 one (n=29) WV .3863 .1492 .1177
2 two (n=21I UT .5936 .3523 .2714 *
2 three (n=29) .5163 .2383

3 one (n=29) .3419 1169 .0617 *
3 two (n=21I V_ .5513 _3039 .2604
3 three (n=29) EZ .5427 .2945 .2553

4 one (n=29) Q_ .4342 .1885 41158
4 two (n=21I PG .5845 .3416 .3005
4 three (n=29) .3837 .1472 .1144

5 one (n=29) HO .4576 .2094 .1801
5 two (n=21I no predictor
5 three (n=29) Mk .3751 ,1407 .1077

6 one (n=29) MM .4213 .1775 .1470
6 two (n=21I MM .6180 .3820 43476
6 three (n=29) LL .4099 .1681 41191 * -

7 one (n=29) CG .4289 .1840 .1330 *
7 two (n=21I no predictor
7 three (n=29) MM .6650 .4422 44094 *

8 one (n=29) TM .3870 .1498 .1183
8 two (n=21) TM .4591 .2108 .1669
8 three (n=29) .5393 .2909 .2492

T one (n=29) .4782 .2288 .1859
T two (n=21I TV .5322 .2833 .2385
T three (n=29) NG .6643 .4413 .3947

* indicates variables not at_p <.05 in the regressions
- indicates a negative relationship

WV Wat.7thed_science television programs
V Cumulative science achievement mean _

Q__ Positive perception of learning in science
PG Previous_science grade mean
HO Hike outdoors
MM Desire to take additional science classes
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Table 93 (continued)

TM Take trips that exceed a distance of 50 miles
Y Reading as a preferred way of learning science
TV Watch science television programs (preference)
S Travel experience (South America)
C Travel experience (Canada)
NG Ninth grade science achievement grade
UT Tenth grade student
CG Current science achievement grade
EL Prcfer lodge facilities when outdoors

- 162 -
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Table 94

BACKGROUND_AND_PR2=-SCDRES-ON POSTTEST SCORES

SCORE GROUP. VARIABLE

1 one (n=29) WV
1 two (n=21) T8
1 three (n-.29) no predictor

2 one (n=29) MM
2 two (n=21) no predictor
2 three (n=29) no predictor

3 one (n=29) CG
3 two (n-21) no prediecor
3 three (n=29) EZ

4 one (n=29) DP
4 two_(n=21) no
4 three (n29) V

5 one (n=29) M
5 t,!;o__(n=21) T8
5 chree (n=29) TTT

(n-.9) v
6 two (n=21) SX
6 three (n=29) 0

7 one (n=29)
7 two (n=21) TTT
7 three (n=29) no predictor

8 one (n=29) LX
8 two___(n=21) EJ
8 three (n=29) T6

T one (n=29) Q
T two_(n=21)
T three (n=29) TTT

MULTR RSQ ADJRSQ

.5441 .2960 ;2520

.6006 .3608 .2808 *

.4266 .1820 .1309 *

.5757 .3314 .2897

.5427 .2945 .2530

.2500 .2031

;2382 .1934

;5215 ;2720 .2265 -7-

;5530 .3058 .2190 *
;6096 ;3716 .3347

;5518 .3044 .2610
;6633 ;4400 .3700
;4755 ;2261 .1805

;4331 .1876 .1368 *
;7584 ;5722 .522?

;4880 ;2381 .1905
;8065 ;6504 .6067
;4718 ;2226 .1255 *

;5983 .3579 .3178
;8138 ;6623 .6200
;5902 .3483 .3100

indicates variableo not at p <;05 in the regressions
- indicates a negative relationship

WV Watched science television programs
CG Current cumulative science achievement grade
EZ Eleventh grade science achievement mean_
DP Desire to travel to new and different places
TTT Pretest total score
V Cumulative science achievement mean
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TAble 94 (continued)

SX Student's sex
EJ Enjoyment of science classeS
M Travel experience (Mexico)
0 Prefer outdoor investigations in science classes
LX Prefer lodge facilities when exploring the outdoors
T8 Pretest subscore 8
T6 P-etest subscore 6
MM Desire to take additiona_ -,cience classes
Q Positive perception of learning in science
L -reference for lectures in science classes

= 164 -
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Table 95

BACKGROUND AND PRETEST ON ADJUSTED GAIN SCORES

165

SCORE GROUP VARIABLE MULTR RSQ ADJRSQ

1 one (n=29) Tl .6969 .4835 '4535
1 two (n=211 Tl .6592 .4345 '3639
1 three (n=29) Tl .7816 .6109 i5880

2 one (n=29) T2 .8085 .6536 i6320
2 two (n=21I T2 .9006 .8111 i7875
2 three (n=29) T2 .9681 .9371 .9334 ^

3 one (n=29) T3 7525 .5663 .5392
3 two (n=21) T3 .7619 .5805 .5280
3 three (n=29) T3 .8769 .7689 .7553

4 one (n=29) T4 .6314 .3986 .3610 ^
4 two (n=21) T4 .8160 .6659 .6241
4 three (n=29) T4 .9611 .9238 .9193

5 one (n=29) T5 .6954 .4836 .4513
5 two (n=21) T5 .8912 .7942 .7684
5 three (n=29) T5 .8707 .7581 .7438

6 one (n=29) T6 .6505 .4232 .3871
6 two (n=21I Trl-j .7943 .6309 .5848
6 three (n=29) T6 .5780 .3341 .2949

7 one (n=29) T7 .5704 .3254 .2832
7 two (n=21) T7 .9917 .9836 .9815
7 three (n=29) T7 .9538 .9098 .9094

8 one (n=29) T8 .5737 .3291 .2871
8 two (n=21) SG .6438 .4145 .3414
8 three (n=29) T8 .8654 .7490 .7342

one (n=29) TTT .6392 .4087 .3717
two (n=21) TTT .8852 .7836 .7566
three (n=29) TTT .9269 .8592 .8509

indicates variables not_at_p <,05 in the regressions
indicates a negative relationship

Tl Pretest subscore 1
T2 Pretest subscore 2
T3 Pretest subscore 3
V,
T5

Pretest
Pretest

subscore
subscore

4

T6 Pretest subscore 6
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Table 95 (continued)

TI Pretest subscore 7
T8 Pretest subscore 8
TTT Pretest toted score
SG Seventh grade science achievement grade

- 186 -
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Table 96

BACKGROUNPRETEST-POSTTEST,,_ and ADJUSTED GAIN SCORES ON
ADJUSTED-RETENTION GAIN SCORES

SCORE GROUP VARIABLE MULTR RSQ ADJRSQ

1 one (n=29) H .5167 .2669 .2211
1 two (n=21) no predictor
1 three (n=29) AD5 .4836 .2339 .1888

2 one (n=29) AD2 .6380 .4070 .3700
2 two (n=21) NH .6892 .4750 .4093
2 three (n29) T3 .4388 .1925 .1450 * -

one (n=29)
two (n=21)

L
no predictor

.5132 .2633 .2173

three (n=29) Tl .4962 .2462 .2019

4 one (n=29) AD8 .5363 .2877 .2431
4 two (n=21) no predictor
4 three (n=29) AD7 .5115 .2616 .2182

5 one (n=29) ADT .6432 .2951 .2510 -
5 two (m.:-21) AD5 .6464 .4178 .3450

.

5 three 1.1=29) AD6 .4292 .1842 .1362 * =

6 one (n=29) H .6374 .4063 .3691 -
6 two (n=21) S .8102 .6564 .6134 _ =
6 three (n=29) MM .3588 .1287 .0774 *

7 one (n=29) T4 .4438 .1969 .1467 * -
7 two(n21Y ADS_ .6896 .4755 .4100 =
7 three (n=29) no predictor

8 one (n=29) AD8 .5361 .2873 .2428 _ =
8 two (n=21) PG .5629 .3169 .2315 *
8 three (n=29) T5 .4470 .1998 .1527 *

one (n=29) ADT .6644 .4415 .4065
T w(n=21L no predictor
T three (n=29) MM .4388 .1925 .1450 *

* indicates variables not_at_p <.05 in the regressions
- indicates a negative relationship

AD5 Adjusted Gain score 5
AD2 Adjusted Gain score 2
DP Desire to travel to new and different places
AD3 Adjusted Ga4n score 3
Tl Pretest subL .-e 1
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Table 96 (continued)

AD8 Adjusted Gain score 8
AD7 Adjusted Gain score 7
H Travel exper:.ence (Hawaii or Alaska)
S Travel exper4ence ISouth America)
ADT Adjusted Gain total score
AD6 Adjusted Gain subscore 6
T3 Pretest subscore 3
T4 Pretest subscore 4
T5 Pretest subscore 5
PG Previous science achievement grade
MM Desire to take additional science ulasses
NH Like to hike in nature
L Preference for lectures in science classes

PERCENTAGE OF POSSIBLE GAIN AND EMPHASIS RATINGS

Teachers in the study indicated the coverage delivered

for each targeted concept area and also recorded the nature

of the coverage for each topic on an instructional emphasis

form (Appendix C). Tables 97 through 99 summarize the

rankingL of the t'iree groups. Extensive coverage was rep-

resented by a ratir;, ,f 3; average coverage with a 2; and

no coverage by 1. The percentages of possible gain for

each subscore area, which was based on pre to posttest

changes and the potential for change, are also reported in

Tables 97 through 99. The emphasis ratings were compared

with the rankings derived from the percentage of possible

gain. A discrepancy check was employed with the emphasis

ratings and the ranking of gain. The discrepancy scale

ranges irom 0-17 for groups one and two, and 0-Y? fr,5r group

three (scale is based on the numeric total of the ,viphasis

ratings for each group). The vory low discrepancy ratrigs
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indicate that the areas of instructional emphasis did reg-

ister the highest percentage of student gains. What was

emphasized was remembered by the students.

Table 97

PERCENTAGE OF POSSIBLE GAIN_KND=EMPHASIS-RATINGS FOR GROUP
GNE,4m=,29-1

SUBSCORE PERCENTAGE OF
POSSIBLE GAIN

RANKING
OF GAIN

EMPHASIS
RATING

DISCREPANCY
SCORE

1 47% 2 2 b
2 50% 3 3 0
3 47% 2 3 =1
4 55% 3 3 0
5 44% 2 2 0
6 37% 1 1 0
7 58% 3 2 =1
8 ICI% 1 1 0

Table 98

PERCENTAGE OF POSSIBLE GAIN AND-EMPHASIS RATINGS FOR GROUP
TWO l_n211

SUBSCORE PERCENTAGE OF
POSSIBLE GAIN

RANKING
OF GAIN

EMPHASIS
RATING

DISCREPANCY
SCORE

1 64% 1 3
2 83% 3 3 0
3 56% 2 3 =1
4 64% 2 2 0
5 40% 2 2 0
6 25% 1 1 0
7 80% 3 2 -J,

,

8 20% 1 1 0
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Table 99

PERCENTAGE OF POSSIBLF GAIN AND EMPEPFIS RATINGS FOR GROUP
THREE (h=29)

TJSCORE PERCENTAGE OF
POSSIBLE GAIN

RANKING
OF GAIN

:ISIS
RATING

DISCREPANCY
SCORE

1 77% 3 3
,. 100% 3 3
3 66% 2 3 -1
4 76% 3 3 0
5 69% 2 2 0
6 73% 3 2
7 77% 3 2
., 25% 1 1 0

HYPOTHESES

Data resulting from the analyses of the study were

employed in the acceptance or rejection of the null hypnth-

eses. Statements f011ow . )r each c zhe hypothesesi

fiviDethes-is One

Hypothesis One: There is no significant change in stu-

dents' understanding of ecological concepts after field

instruction strategies.

The Student Ecology kssessment (SEA) instrument was

developed as the means of obtaining information on stu-

dents' understanding of concepts related to ecology and

feeding relationships fot this study. Items were clustered

into eight concept strands related to ecology and were

written to addreflwt levels Of concrete and abstract thinking
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as well as higher order reasoning 3evels. The test was

adminiztered prior to the field experience at a pre-trip

and then was re-administered at the conclusion of

the field experience while the students were still on-site.

The posttest gains made by students of all three groups

were statistically significant (p .001) (Appendix H). The

means of the subscores of the posttest in each of the eight

,.oncept strands were all higher than the means of the pre-

test subscores. Based on a comparison of pretest to post-

test resuIcs of the SEA, Hypothesis One was rejected.

Hypothesis Two

Hypothesis Two: There is no signiflant decrease in

retention of concepts evidenced after the exposure.

The Student Ecology Assessment (t7i0 instrume_c was

administered to the three groups of stues .ifor weeks

after the field instruction program at the groups' final

posttrip session; The average mean of the posttest for all

groups was 34;46 and the average mean of the retetion test

was 33.95, thus indicating that the students did retain the

concepts; The subscore means of the retention test indi-

cate gains in areas oi instructional emphasis and decreases

in the areas of no or low emphasis; Based on the retention

test results of the SEA irstrument; the null hypothesis was

accepted;
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Hypothesis Three

Hypothesis Threes There are no significant relation-

Ships between background variables and gains in understand-

ing of concepts.

The student background and attitude form was designed to

obtain information on students': science academic standing;

sex; grade level; science course background; science inter-

ests; science extracurricular involvements; perceptions of

learnings; learning style preference; and travel and out-

door experience. Frequencies were examined for each of the

variables and only the items that a majority of the stu-

dents did not respond to, or did not provide data for. were

eliminated from analysis. These included: ninth grade

item; the names of the _science courses from seventh grade

to the current class; and travel to Australia and Africa.

These items received no responses. The background data

were then entered into multiple regression analyses with

the results from the pretest, posttest, retention test,

adjusted gain, and the retention gain subz-cores and total

scores. In all of the regressions, no consistent pattern

Of background variables emerged for the three groups In

some cases common patterns for two of the three groups were

found in a limited number of subscores but no background

variables were consistently presenti The variance

explained by these indIvidual variables ranged from 12 per-
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cent to 44 percent with a mean of 24 percent. The pretest

scores emerged as predictors consistently with the adjusted

gain scores. The variance accounted for by pretest scores

ranged from 32 percent to -N3 percent of the variance (with

a mean of 63 percent) with the adjusted gain scores. Based

on the regression results; the null hypothesis was accept-

ed;

Hypothesis Four

Hypothesis Four states that there is no significant

relationship between instructional emphasis and students'

science achievement gains.

Teachers indicated the coverage given for each specified

concept area and also recorded the nature of the coverage

for each topic on an instructional emphasis form. This

form wei_ completed during the pretrip, trip, and posttrip

sessic_s. Information was also requested on the time and

emphasis devoted to admiListrative, procedural, and

instructional tasks. Students reported their perceptions

of 'the emphasis given to each targeted concept area on a

similar form. The responses were congruent. The emphasis

ratings were then compared with the percentages of posEible

gain fo:: each of the sthDscore areas. The percentage of

possible s sin was calcaIated based on the pre to posttest

changes antl the potential for gain; A discrepancy check

was employed with the emphasis ratings and the ranking of
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gain. Based on a 0 to 19 discrepancy scale, the groups

only registered a 2 or 3 total point discrepancy betweem

the ranking of gain and emphasis rating. These results

indicate that the areas of instructional emphaSis evidenced

the highest percentage of student gain. Based on this

analysis, the null hypothesis was rejected.
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CHIVPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

In this chapter a summary of the study is provided, con-

clusions are draWri, and recommendations for further study

and practice are made.

SUMMARY

This study was designed to examine the nature of ideas

and beliefS which students hold about specific scientific

concepts and to inve tigate modes of instruction that would

effectively help them gain an accurate understanding of

trIG:.: world.

The Student Ecology Assessment (SEA) instrument was

developed as the mean of obtaining information on students,

understanding of concepts related to ecology and feeding

relationships. Items were based on the theoretical frame-

work outlined in the meaningful learning approach to

instruction. Related concepts were carefully selected and

validated through concept mapping and a literature survey

of curricular materials and programs on ecology and marine

StudieS. The instrument was revised three times as a

- 175 -

194



176

result Of the reaponses, commentsi and correlational analy=,

ses of four groups of secondary science students; The

instrument Was developed as a mastery device to complement

the program'S instructional emphasis. A student background

and attitude form was also developed and administered.

Variables such as science interest, science involvements,

sex, academic achievement, learning style preference, and

travel and outdoor experience were considered and examined

in the regression analyses.

An experiential marine science field program served as

the learning Strategy. Three self-selected groups of sec-

ondary level Students participated in the study. Two of

the groups were from a high school in Columbus, Ohio and

one group was from Fairfax, Virginia. The field component

of the program for all three groups occurred from 27 Decem-

ber 1986 to 3 January 1987. Two programs were conducted at

sites on AndroS Itland, Bahamas and one program took place

on Grand Cayman Island. Exploratory activities were pro-

vided during the excursion. Instruction on ecology com-

prised one part of the total field program and was moni-

tored in termS of instructional emphasis and time allocated

to activities addreSSing the specified concepts.

Students responded tdi The Student Ecology Assessment

(SEA) prior tO, dUring, and four weeks after the field pro-

gram; Data obtained ft-cm the SEA were subjected to item
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analysis evaluation. Further analyses

instrument, student background and

instructional emphasis form included:

tions; correlational analyses; and

analyses; Additional computations

177

of data from the SEA

attitude form, and

frequency distribu-

multiple regression

were also performed and

included: adjusted gain scores; t test calculations; and

percentages of possible gain.

Overall, the three groups of students evidenced signifi-

cant gains in posttest total scores on the SEA instrument

(p..001). Results on the retention test also indicated

that the concepts addressed in the instrument were retained

by the students.

Student subscores for each of the eight major concept

strands were then analyzed separately. Subscore results

for the post and retention tests were standardized into

adjusted gain scores for further analyses to account for

the ceiling effect that was evident in the pretest results.

A series of regressions were conducted using subscore and

total score data from each group's pretest, posttest,

retention test, adjusted gain, and retention adjusted gain

results. Background data and instructional emphasis rat-

ings were included in the analyses.

Generally, from all the regressions performed (n=162),

no significant pattern of predictor background variables

was apparent other than student interest in science, inter-
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est in taking more science classes, and positive perception

of learning with the pretest results. The strongest pre-

dictor of student scores that emerged consistently in all

groups was previous knowledge, as indicated by pretest and

adjusted gain scores. Generally, students who had the low-

est pretest scores showed the greatest gains.

Gains in students' scores in the eight concept strands

were related to the instructional emphasis given to those

areas. In each of the three groups, the topics that were

targeted for emphasis revealed the highest percentages of

possible gain.

The effectiveness of the field instructional program was

apparent in that specific concepts that were targeted for

emphasis were learned and retained by the students. Stu-

dent responses to the SEA instrument in posttest and reten-

tion test phases support this premise. The mastery

approach to learning in a field setting proved to assist in

the improvement of students, understanding of the selected

concepts.

MAJOR CONCLUSIONS

The findings of this study allow the following conclusions

to be drawn:

1. Abstract concepts related to ecology and feeding rela-

tionships can be taught and learned effectively

through an experiential field instruction program.
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2. Improvement in students' understanding of specific

ecological concepts occurred after involvement in a

field-based learning program.

3. Biological concepts related to ecology that were

taught in a field setting were retained by the stu-

dents.

4. Students who scored low on the preteSt achieved the

greatest gains on the posttest.

5. Prior knowledge as indicated by preteSt and adjusted

gain scores served as a predictor of Science achieve-

ment on The Student Ecology Assessment (SEA) instru-

ment.

6. Background variables such as grade level, sex, learn-

ing style, and travel and outdoor experience generally

were not significantly related to students' science

achievement scores as measured by The Student Ecology

Assessment (SEA) instrument.

7. Students' positive perception of science learning,

enjoyment of science classes, and desire to take addi-

tional courses in science were related to selected

subscore results on the pretest of The StUdeht Ecology

Assessment (SEA) instrument.

8. Teachers and students expressed similar perceptions of

the instructional emphasis given to the targeted con-

ceptsi
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9; The students' greatest gains in achievement and in

tetentidin oddurred with the concepts that received the

greateSt instructional emphasis.

RECOMMENDATIONS FOR FURTHER RESEARCH

BaSed on the findings and on the insights derived from

this study* it is hoped that examination of the effective

ness of the field instruction strategy in the sciences

would include and/or extend to:

1. Inve-Stigations of the effectiveness of field instruc=

strategies with other complex ecological concepts

such CIS: adaptation; community relationships; popula-

tion dynamics; behavioral relationships; and cyclic

patterns.

2. Replication studies involving other age groups of stu-

dent-8, especially middle school age youth.

3. Compdrisons with other variants of field experiences,

specifically focusing on excursions of

tion and/or to more localized sites.

4. Compdrisons with other instructional approaches

shorter dura-

and

teaching methods, specifically vicarious field experi-

ences such as computer simulations and/or media pres-

entations.

5. Comparisons with non-structured approaches to field

experiences.
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6; Investigations Of the effedt of teacher characteris=

tics on program effedtiveness.

7; Investigations of the itpadt of field experiences on

concept learning With Spedial populations of students,

specifically children Whi5 are educational disadvan-

taged and/or emOtiOnally troUbled.

8. Investigations Of the effedtiveness of the mastery

approach in a field setting With emphasis on skill

development, Spedifidally hypOthesis formation and

testing;

Investigations Of the relationship of instructional

emphasis and mastery learning in settings other than

the field environment.

RECOMMENDATIONS-FOR PRACTICE

1. It is suggested that school districts provide opportu-

nities for all Students to participate in field-based

activities for the purpose of mastery learning.

2. It is suggested that a hierarchial approach be incor-

portated in the testing of students' understandings cf

concepts, with attention being directed to the inclu-

sion and arrangement of familiar/unfamiliar and

concrete/formal itemS in testing instruments.

3. It is suggested that attention be given t3 the congru-

ence of program emphasis, instruction, and testing in

science teaching.
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AARE
cODI

CIKLE THE ANSWER THAT IOU THINK IS THE BEST RESPONSE FOR EMI ITEM.

Use these illustratidhS for questions 1-2.

'11 , I I I

1. Which set ls-compriseu of only animal*?
a. II; IV. VI c. IE. IV. VII
b. III. 7; V/ d. II III, VI

2. Which set would be found la or neat ae IqUatic environment?
a. IV; V; VII c. a and b

b. P. VI. VII di none of the above

US. these Illustrations for questions 3-0.

II

41Wca"
v,

3. which set is comprised of only aniMalt?
C. II. IV. V
di none of the above

4. III. V
b. III. IV, vI

4. Which set_would be found in a tidal pool?
a. V; VI c. z II. III
b. II, IV. V di IV. V. VI

USW, these illustrations for questions 5-7.

krimitio Promo C.S. Ogr. op
I
S. why 1.00Id y and /Lb, considered different frOM the_others?

a. They ate Unicellular c. They are_naturally green
b. They are eulticellaItr d. They have a nucleus

6. If //; IV and VI_are classifieditogether. It 4Onld be because they

a. can_phOtOkynthsize c. do aot_mOvs__
b. lack conductiaq tissue d. are muIticellular

7. If III is_classified ia its ownigronp, beCadee it hue

a. the ability to sous c. defialts_anclei
b. fore d. a backbone

CW.1.4111 Corm IMMO
MO Odra* IT

3. v.v.

ir
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8. All consumer organigas_
a. really Oct as decom;osers_ c. eat very Selectively
b. need other SoiirCeS of food d. are large in size

9. a producer/consuaer_pair_that you vedld find In the upper
regio4 Of an intertidal pool would be
a. algae and StatfiSh c. sponges_and sem grasSet

b. snails and barnacles d. algae and tarnacles

10. A producee/densaier pair of the-deep opse ocean be

a. sea grasseS and corals c. algae and corals

5. corals and dassel fish d. Algae and ghost crabs

11. The greatest diversity of life occurs
a. along the beach C. surface to 100 ft. JD the See

b. in the deepest ocean depth* d is Wei pools

12-15. This It ne exanpie of a food chain. Identify the Orgaalses below.

12/-- l3) _C4)

st,..110Plut eh, k

bsets;fs if

Thlis 6 rui example of a fOur.dep food chcark

12. Producers
13. PriAiry cobsumers
14. Secondary consliters
15. Decoaposers

16-19. The following four_guestions are based Oa thit Sltaatlosi4ila a
certain tegiee of the _reef0 tbe scalee_of dAsselfligh tad bela9
parasitized by worms (ugh)._ Assuee_that the 'scole-vorms' cam

only live_on:daaselfish. ?he prittipis fod In the diet of
dabSelfish Is aIgae.

16. Whatisithe-food chale ih this case?
6; AIgae-,-damselfish---scale;itite
b. Seele-uers-,.,daaselfishalgae
c. Sue--=4166SeIfith---scalw-vors
di Daaselfish---algae---scele-vore

17. If the pOpelAtIon_of scalevOrms becomes id lerge th4t the scales

of easy fish ere damaged. What effect oa the-food chute could occor?

a. Algae rill decrease t. Fish vIII tncrease
b. Algae min Increase d. All pdpelAtions ',III Increase

A_ssoll vhich foods on scaleT.vores enters. If the snails thrive,
uhativould be the effect on the food_chall?
6. Fish vill_Increase_ c. Scale-Verbs vIII increase

b. Algae sill Increase d. All except snalle Will leCrease

19. If scale-vorms_vere destroyed. thee you ould_lexpect Agat
6. fish viII dle out C. snail* Will die out
b. tore algae Would be eaten d. snails vill ietreete
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20-21. ctserve the food yeb below

/4
511WPCINCAR5

20. If buscas vere_pIaced iv this diagrasi they
a. yosld sot fit ia ely_of the food chains
b. coold be a second o.rder tobiloser
C. aould be_st the_bead of very feed Chitin
d. seas of tts Above

21. The_diagras shows-that
A. the fox cas_feed on sore thee one Orgailei
b. scavengers just do not belong
C. secoad order CODS011evrs only feed on herbivores
di all of the above

22-24. Is MIS IOW lo_f_a pond food web list the cassia-ere Of NUMIER1IS5

. sloe

22i
23;
24.

Creyrsh

Odkured

red itiedrymium ald,;11
. Sodlid

Rd fa

25. BeIov is as imaginary filed web; The aveber Is the_circIes ragtag-est

bromism,. Which of the-rolloviag la itiat tortiet about this web/

a. 6 and are both Mit asd second der consume
b. 9 and 10 cas_be os the fourth tttiphi 14Vel
c. 5 Sid 7 Are on the_firet trophic level
d. 2 and 7 are os different trophic levels
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26-29. Refer tb this chart and tha key for the following goestions.

KEY
1. This statement is accurate according to the thett
2. This statement is iacorrect accordiag to the chart
3. This goes beyond information in the chart

26. 'lasts are the foundation in this syliter.w
27. Copepods are harmful aadishould_be-killod.
28. ParaSiteS_contribute_to food_lesmes.
29. Algae would 5at be affected by squid eel flyfish.

30i If humans_were to_speat_the very best-lobsters from the rearfo
it possible that the lobster population as a whole ay De
a. weakened C. Unaffected
b. strengthened d. I don't know

tailfish
)05,r em-kap

31-32. Energy Pyramid

it

ti*g_Liry

Efts pcirrmy

ISiz)rt:4

Eno3C011=1:$

31; The energy reprsented at each-level-ia the diagrae indicates
a. energy needs of organisms c. amount of transfered_energy
b. energy spent by organisms d; energy benefits are equal

32i As energy_flows through a food chain
a. the total amount_goes directly to the next level
b. a proportion is lost as heat
c. only producers and consueers benefit
d. energy is accuaulated and increased
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33; Pyramid of biomass

198

11 Ma. t-Z.211-7t4;,.

_ P

10 414 XS

lay tr 11.1cV.110.1

33i Tim pvtanid of biosass diagram
a. should almays have plantu_at_tte_base of it
b. hem MAWE decreaslag Ito* bottog to top
e. is wisillar to the energy pyramid
d. all of the above

34-38. In this example of a Zoog pyraeld; rases the following at the
correct level: ALGAE; TUNA; ZOOPLAIRE011; EMU OXALIS; SNXIMP

34.

36.
37.
38;

39 -40. Ose these diagrams of the
A

ramaina.me.wm-::-.-micliA--Lvacmga

carbon dioxide cycle to-aasser 39-40.
_

0romv.aamo
- M.

amovOlompolumn----
. . .

.40....ftpu.Oncm

Az.

Yiri 4

-*

..e
aaPCI.41.1.11

Aftwoo,
p.m ana.arair

amt atc*Aanap
gaud *oft

. .

amain iattaa_CMSZAL11a..1
pima my0 maw ~Ws

4MUft opm
CAALSON.aar
.../11.4mme

1. Animals obtaia_their supply of1ca4..... &roe
a. the atmosphere c. plants._other animals they eat
b. decomposers tbm cospousdi carhos diolide
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STUDENT BACKGROUND AND ATTITUDE FORM
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This form will be coded so that you will remain &Bon/mous to the
person who is scoring this form. Ansver as honestlj and completely
as you can to each of the following questions; Thank-you..

1. Indicate the grade that you are presently in
a. 9th_ C. llth
b. 10th di 12th

2. Indicate your sex
a. female B. male

3. In general; do you enjoy science classes?
a. always c. soaetimes e. never
b. usually d. rarely

4. If you are taking science this year, circle your current grade.
a. A c. C 8. r

5. What grade did you generally get in previous years science classes?
a. A C. C S.
b. 9 d.

6. List the science course that_you_had at ach grade and the final grade
I. 7th_ _ _ _ d. 10th__
b. 8th e.
C. 9th f. 12th__

7. Is general, how much have you Iearned_in_scleace classes?
. a great amount C. very little
b. an average amount di nothing

4 Are_you planning to taking more courses in science?
6. definitely yes c. uncertain it; defielteiy no
b. mostly yes d. mostly so

9. How-eany trips In a year do you take that are more than 3 days long?
a. ore than 6 c. 1-2 __

b. 3-6 el; 1 don't

10.How many trips do you take la a year that are more than 50 iles away?
a. more than 6 c. 1-2
b. 3-6 d. I don't
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11.Circle the places that you have visited.
a. Canada d. Asia g. South America
b. Mexico e. Europe h. Australia
e. Caribbean f. Africa 1; Hawaii or Alaska

12.How often do you generally camp overnight in one year?
a. more than 6 times c. 1-2 times
b. 3-6 times d. I don't

13.where do you prefer to stay when you're exploring the outdoors?
a. in a tent c. at a lodge or cabin
b. in a travel trailer di in a motel

14.where do_you generally stay when_you!re exploring the outdoors?
in a tent c. at a lodge or cabin

b. in a travel trailer d. in a motel

15.Do you like to travel to new and different places?
ao definitely yes c. it_doesn't atter
b; later maybe d. not at all

16.List_your_preferred odes of_learning (state 1sti 2ndi 3rd choice)
i. listening to lectures d. working in outdoor activitiet
bo doing lab activities e. reading by myself
C. Working in a group__

17.Circle the activities that you like to do.
a. science fairs d. read science magazines or books
bo nature hikes e. watch science TV programs
c. science clubs f. environmental action projects

18.Circle the activities that you have already domei_
a. science fair projects d. read science magazines or books
b. hiked_outdoors e. watched science TV programs_
c. attended science clubs f. environmental action projects

*t*HAVE A GREAT TRIPtOO
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INSTRUCTIONAL EMPHASIS PERCEPTION FORM
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SCHOOL TEACHER

PLEISE_CIRCLE THE CATEGORY THAT MOST CLURLVDESCRIBES TM! COVERAGE
RECE/vED_BI_EACH_TOPIC IN TOUR PRE-TRIP SESSIONS. INDICATE THE NATURE

or THE COVERAGE NHEN APPLICABLE (e.g. slides, lidtete. Activity etc.)

NONE
(1)

AVERAGE
(2)

EXTENSIVE EXAMPLE
(3)

PLANT and_ANIMIL
CHARACTERISTICS (1) (2) (3)

PLANT and_AMIMAL
IDENTIFICATION (1) (2) (3)

PLANT end ANIMAL
HABITATS (1) (2) (3)

FEEDING
RELATIONSHIPS (1) (2) (3)

FOOD
CNAINS (1) (2) (3)

FOOD
WEBS (1) (2) (3)

ENERGY
TRANSFER (FOOD) (1) (2) (3)

ENERGY
PYRAMIDS (1) (2) (3)

NUTRIENT
CYCLES (CARBON) (1) (2) (3)
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LIST THE THREE TOPICS THAT RECEIVED THE HOST TIRE AND EMPHASIS

1.

2.

3.

WHAT OTHER SCIENCE CONCEPTS ARE COVERED. INDICATE THE COVER/GEi

NONE AVERAGE EXTENSIVE
(1) (2) (3)

1i (1) (2) (3)

2. (1) (2) (3)

3. (1) (2) (3)

RATE THE TIME DEVOTED TO THE VOL&OVING TASAS IN TOUR PRE-TRIP SESSIONS

1,; ADMINISTRATIVE
(forms, reports) (I) (2) (3)

2i PROCEDURAL
(SChedoIes, rules) (I) (2) (3)

3. INSTRUCT/ORAL
(scleece-related) (1) (2) (3)
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Nit

PLEASE CIRCLE THE CATECCRY THAT MOST CEEARLV DESCRIBES THE CCVERAGE
RECEIVED BY EACH TOPIC DURING TFE FIELD EXPERIENCE. INDICATE THE
NATURE OF THE COVERAGE NHEN APPLICABLE. (e.g_. activity, experiment etc.)

NONE AVERAGE EXTENsIV! EXAMPLE
(1) (2) (3)

PLANT Ahd ANImAL
CHARACTERISTICS (1) (2) (3)

PLANT arid ANIMAL
IDENTIFICATION (1) (2) (3)

PLANT find ANIMAL
HABITATS (1) (2) (3)

FEEDING
RELATIONSHIPS (1) (2) (3)

FOOD
CHAINS (1) (2) (3)

FOOD
WEBS (1) (2) (3)

ENERGY
TRANSFER (FOOD) (1) (2) (3)

ENERGY
PYRAMIDS (1) (2) (3)

NUTRIENT
CYCLES (CARRON) (1) (2) (3)

WHICH OF THE ABOVE TCPTCS WERE ADDRESSED THE MOST ON TRE TRIP

WHAT OTHER TOPICS WERE COVERED AND TO WRAT EXTENT?

'1 (1) (2) (3)

2. (2) (3)

3.

_(1)

(1) (2) (3)
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PLLASE_CIRCLE THE CATEGORY THAT rOaT CLEARLY DESCRIBES THE COVERAGE

RECEIVED BY_EACH TOPIC IN YOUR_POST-TRIP SESSICNS. IN,ACATE THE_NATURE

OF THE CV7ERAGE WHEN APPLICABLE (e;,g slides lecture, activity etc.)

NONE AVERAGE
(2)

EXTENSIVE
(3)

EXAmPLE

PLANT_and ANIMAL
CHARACTERISTICS (1) (2) (3)

PLINT_and ANIMAL
IDENTIFICATION (1) (2) (3)

PLANT_and ANIMAL
HABITATS (1) (2) (3)

FEEDING__
RELATIONSHIPS (1) (2) (3)

rOoD
CHAINS (1) (2) (3)

FOOD
WEBS (1) (2) (3)

ENERGY
TRANSFER (FOOD) (1) (2) (3)

ENERGY _
PYRABIDS (1) (2) (3)

NUTRIENT
CYCLES (CARBON) (1) (2) (3)

LIST THE THREE TOPICS THAT RECEIVED THE MOST TIME AND EMPHASIS

GENERALLY; ROST TINE IN.POST-TA/P SESSIONS ARE DEVOTED TO
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Appendix E

BACKGROUND AND ATTITUDE VARIABLE LABELS

UT IOth grade student
UE IIth grade student
GW I2th grade student
SX Sex of student
EJ Enjoyment of science classes
CG Current science achievement_grade
PG Previous science achievement grade mean
SG Seventh grade science achievement grade mean
EG Eighth grade science achievement grade mean
NG Ninth grade science achievement grade mean
TG Tenth grade science achievement grade mean
EZ Eleventh grade science achievement grade mean
TT Total years of science instruction (from 7-12 grades)

Cumulative science achievement mean
0 Positive perception of degree of learning in science
MM Desire to take additional science classes
TR Trips taken yearly that exceed a 3 day duration
TM Trips taken yearly that exceed a distance of 50 miles
C Travel to Canada
M Travel to Mexico
R Travel to the Caribbean
A Travel to Asia_
E Travel to Europe
P Travel to Africa
S Travel to South America
U Travel to Australia
H Travel to Hawaii or Alaska
T Total countries visited
CA Camping trips taken in a year
LZ Prefer tents while exploring the outdoors
LY Prefer travel trailers while exploring the outdoors
LX Prefer lodge facilities while exploring the outdoors
LW Prefer a motel when exploring the outdoors
LV Reside in a tent when exploring the outdoors
LU Reside in travel trailers when exploring the outdoors
LL Reside in lodges when exploring the outdoors
LS Reside in motels when exploring_the outdoors
DP Desire to travel to new and different places
L Prefer lectures in science classes
D Prefer laboratory activities in science classes

- 209 -
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Prefer to work in groups in science classes
0 Prefer outdoor investigations in science classes

Prefer reading in science classes
SF Like science fairs
NH Like nature hikes
CC Like science clubs
RM Like to read science magazines or books
TV Like to watch science television programs
EE_ Like to do environmental actions projects
GTG Total of science-related activities like to do
FP Completed science fair projects
HO Hiked outdoors
AT Participated in science clubs
MS Read science magazines or books
WV Watched science television programs
EP_ Participated in environmental action projects
OTO Total of science-reIated activities completed
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Appendix F

CONCEPT VARIABLE LABELS

T1 Pretest subscore
T2 Pretest subscore 2
T3 Pretest subscore 3
T4 Pretest subscore 4
T5 Pretest subscore 5
T6 Pretest subscore 6
T7 Pretest subscore 7
T8 Pretest subscore 8
TTT PreteSt total .score
PST1 Posttest; subscore
PST2 Posttest subscore 2
PST3 Posttest stbscore 3
PST4 Posttest subscore 4
PST5 Posttest subscore 5
PST6 Posttest subscore 6
PST7 Posttest subscore 7
PST8 Posttest subscore:8 .

PSTT Posttest total.. score._
AD1 Adjusted gain subscore
AD2 Adjusted gain subscore 2
AD3 Adjusted gain subscore 3
AD4 Adjusted gain:subscore 4
AD5 Adjusted gain subscore 5.
AD6 Adjusted gain subscore 6
AD7 Adjusted gain subscore 7
AD8 Adjusted gain subscore 8
ADT Adjusted_gain_totaI score
RT1 Retention subscore
RT2 Retention subscore 2
RT3 Retention subscore 3
RT4 Retention subscore 4
RT5 Retention subscore 5
RT6 Retention subscore 6
RT7 Retention subscore 7
RT8 Retention subscore 8_
RTTT Retention total score. .

RA1 Retention adjusted gain subscore 1
RA2 Retention adjusted gain subscore 2
RA3 Reten%ion adjusted gain subscore 3
RA4 Retention adjusted gain subscore 4

- 211 -

230



212

RA5 Retention adjusted gain subscore 5
RA6 Retention adjustcd gain subscore 6
RA7 Retention atijustod gain subscore 7
RA8 Retention adjustad gain subscore 8
RAT Retention adjusted gain total score
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GROUP ONE

Appendix G

REGRESSION TABLES NOT FOUND IN THE TEXT

Table 100

REGRESSION OF BACKGROUND VARIABLES ONI4RETE.ST-SUBSCORE-3
FOR GROUP ONE (n=29)

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSOCH CORREL

.3419 .1169 .0617 2.118 .165 .1169 ;3419

.4480 .2007 .0942 1.884 .186 .0839 -.3222

C TraVel eXperience to Canada
H TraVel experience to Hawaii and/or Alaska

Table 101

REGRESSION OF BACKGROUND VARIABLES ON_PRETEST-SUBSCORE-7
FOR GROUP ONE (n=29)_

VARIABLE MULTR RSQ ADJRSQ F(EQN) S1GF MICH CORREL

CG
DP

.4289 .1840 .1330 3.608 ;076 .1840 .4289

.5613 .3150 .2237 3.449 ;059 ;1310 .4250

CG Ctittent sciende achievement grade
DP Desire to travel to new and different places

- 213 -
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Table 102

214

REGRESSION OF BACKGROUND AND PRETEST SCORES_ONPOSTTEST
SUBSCORE 2 FOR GROUP ONE

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH CORREL

MM .4266 .1820 .1309 3.559 ;077 .1820 ;4266

MM DeSire to take additional science classes

Table 103

REGRESSION OF BACKGROUND AND PRETEST SCORESONPOSTTEST
SUBSCORE 7 FOR GROUP ONE (n=29)

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH CORREL

.4331 .1876 .1368 3.695 073 .1876 -.4331

L Prefer listening to lectures in science classes
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Table 104
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REGRESSION OF BACKGROUND4_ PRETESTi POSTTESTi ADJUSTED GAIN
SCORES-CV ADJUSTED RETENTION SUBSCORE 7 FOR GROUP ONE

(n=29)

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH CORREL

T4 .4438 .1969 .1467 3.923 .065 .1969 -.4438
ADT .5985 .3581 .2726 4.185 .036 .1612 -.2861

.7439 .5534 .4577 5.782 .009 .1952 .2025
TTT .8015 .6423 .5323 5.837 .006 .0890 -.2743

T4_ Pretest_subscore 4_
ADT Adjusted Gain TOtal SCöte__ _

H Travel_experience tO Hawaii and/or Alaska
TTT Pretest Total 8d-Ord

GROUP TWO

Table 105

REGRESSION-OF BACKGROUND_VARIABLES ON PRETEST SUBSCORE 2
FOR GROUP TWO (n=21)

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH CORREL

UT ;5936 .3523 .2714 4.352 .070 .3523 .5936

UT Tenth grade stUdents
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REGRESSION OF -BACKGROUND AND-PRETEST-SCORES ON POSTTEST
SUBSCORE 1 FOR GROUP TWO (-n..21)

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH CORREL

T8
SG

;6006 ;3608 ;2808 4;515 .066 .3608 .6066
;7454 ;5556 ;4286 4.376 .059 .1949 =.5627

T8 Pretest subscore 8
SG Seventh grade science achievement mean

REGRESSION OF=
SU

Table 107

k 1 klb " S ON POSTTEST
; 8' Wqm

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH CORREL

T8 ;5530 ;3058 ;2190 3;524 .097 .3058 .5530
TTT ;7323 ;5363 ;4038 4;047 ;068 .2305 =.1995
EJ ;8361 ;6991 ;5487 4;647 .052 .1628 .4873

T8 Pretest subscore 8
TTT Pretest Total score
EJ Enjoyment of science classes
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REGRESSION_OF_BACKGROUND; PRETEST; POSTTESTADJUSTED=GAIN
SCORES ON ADJUSTED RETENTION SUBSCORE 8 _FOR_GROUPrd0

(n=21)

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH CORREL

PG .5629 .3169 ;2315 3.711 ;090 ;3169 -;5629
Tl .6984 ;4877 ;3413 3.332 ;096 ;1708 -.4531
AD5 .8242 ;6793 ;5190 4237 ;063 ;1916 ;2277

PG PreVioUS Soiende achievement mean
Tl Pretest_subscore
AD5 Adjusted Gain subscore 5

GROUP THREE

Table 109

REGRESSION OF BACKGROUND VARIABLES ON PRETEST_SUBSCORE-1
FOR GROUP THREE (n=29)

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH CORREL

EZ .3703 .1371 ;0863 2701 ;119 ;1371 -;3703
CG .5208 .2713 ;1802 2978 ;080 ;1342 ;2032

EZ EleVenth grede science achievement grade
CG current science achievement grade
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REGRESSION OF BACKGLAIND VARIABLES ON PRETEST SUBSCORE_6
FOR GROUP THREE (n=29)

VARIABLE MULTR RSQ ADJRSQ F(EM) SIGF RSQCH CORREL

LL .4099 .1681 .1191 3.434 .081 .1681 -.4099

LL ReSide in lOdgeS *heri exploring the outdoors

Table 111

REGRESSION OF BACKGROUND VARIABLES ON PRETEST SUBSCORE_7
FOR GROUP THREE (n=29)

VARIABLE MULTR RSQ ADJRSQ F(EW) SIGF RSQCH CORREL

MM

SF

.6650 .4422 .4094 13.479 .002 .4422 .6650

.7389 .5460 .4893 9.622 .002 .1038 .3826

.7958 .6333 .5599 8.634 .001 .0872 -.2381

MM Desire to take additional science classes
M Travel experience to_Mexico
SF Like to be involved in science fairs

Table 112

REGRESSION OF_BACKGROUND_AND PRETEST SCORES ON POSTTEST
SUBSCORE 8 FOR GROUP THREE (n=29)

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH CORREL

T6 .4718 .2226 .1255 2.291 4133 .1040 .2226

T6 Pretest eUbOdOrd 6

2:17
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Table 113

REGRESSION OF BACKGROUND-;--PRETESTLF=POSTTESTk ADJUSTED GAIN
SCORES ON ADJUST _1" - ° 2 FOR GROUP THREE

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH CORREL

T3 ;4388 ;1925 ;1450 4;053 .060 .1925 =.4388
EZ ;6151 ;3783 ;3006 4;868 .022 .1858 .4113
AD6 ;7822 ;6118 ;5341 7;880 .002 .2335 .1799

T3 Pretest subscore 3
EZ Eleventh grade science achievement grade
AD6 Adjusted Gain subscore 6

REGRESSION OF BACKGROT
SCORES ON ADJUSTED

Table 114

1111 ____OT
T, ADJUSTED_GAIN
OR GROUP THREE

-(-n=2-9-)--

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH CORREL

AD6 ;4292 ;1842 ;1362 3;838 ;067 .1842 =.4292
AD7 ;5955 ;3546 ;2739 4;395 ;030 .1704 .3378
TT ;7254 ;5262 ;4315 5;554 ;009 .1716 .2943

AD6 Adjusted Gain subscore 6
AD7 Adjusted Gain_subscore 7
TT Total years of science instruction

238
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REGRESSION OF_BACKGROUND. PRETEST. POSTTEST, ADJUSTED GAIN
SCORES ON ADJUSTED RETENTION SUBSCORE 6 FOR GROUP THREE

(n=29)

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH CORREL

MM
CG

.3588 .1287 .0774 2.511

.5088 .2589 .1663 2.795
.131
;091

;1287
.1302

.3588
-.2065

MM
CC

DeSire to take additional science
Current science achievement grade

classes

Table 116

REGRESSION_OF BACKGROUND. PRETEST, POSTTEST, ADJUSTED GAIN
SCORES ON ADJUSTED RETENTION SUBSCORE 8 FOR GROUP THREE

(n=29)

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RS()CH CORREL

T5 .4470 .1998 .1527 4.245 ;055 .1998 -.4470

T5 Prete-St Stibeiddre 5
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Table 117

ND, PRETEST PJSTTEST, ADJUSTED GAIN
ENTION TOTAL SCORE FOR GROUP THREE

(11=29)

VARIABLE MULTR RSQ ADJRSQ F(EQN) SIGF RSQCH CORREL

MM .4388 .1925 .1450 4.054 .060 .1925 .4388
LX .6185 .3826 .3054 4.957 .021 .1900 -.3965
T5 .7355 .5410 .4492 5.894 .007 .1584 -.1966

MM Desire to take additional Science classes
LX Prefer lodge facilities when exploring the outdoors
T5 Pretest subscore 5
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Appendix H

PRETEST AND POSTTEST T TEST RESULTS

Table 118

?RETEST AND POSTTEST TTEST-RESULTS

GROUP n PRETEST PRETEST POSTTEST POSTTEST
MEAN S;D; MEAN S;D;

1 29 2586 430 32.45 3;99 5.99*
2 21 28;71 4;35 35;19 2;70 4.35*
3 29 26;75 5;36 35;90 1;91 6.72*

* p <.001
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